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Srolwlfdo Dffrxqwdelolw| dqg wkh Vl}h ri Jryhuqphqw=
Wkhru| dqg Furvv0Frxqwu| Hylghqfh
Gdylg Guh|hu Odvvhq|
Hfrqrplf Srolf| Uhvhdufk Xqlw dqg Xqlyhuvlw| ri Frshqkdjhq
Wklv yhuvlrq= Qryhpehu 5333
Iluvw yhuvlrq= Dsulo 5333
Devwudfw
Wklv sdshu h{soruhv wkh h￿hfw ri srolwlfdo dffrxqwdelolw| rq wkh vl}h ri wkh
sxeolf vhfwru lq d sulqflsdo0djhqw prgho ri ghprfudwlf jryhuqphqw1 Srolwlfdo df0
frxqwdelolw| lv wkh ghjuhh wr zklfk wkh hohfwrudwh fdq frqwuro srolwlfldqv wkurxjk
hohfwlrqv/ dqg hpskdvlv lv sxw rq wkh urohv ri wudqvsduhqf| dqg srolwlfdo frqwhvwd0
elolw|1 Lqfuhdvlqj wudqvsduhqf| dqg srolwlfdo frqwhvwdelolw| lqfuhdvhv wkh frqwuro ri
srolwlfldqv/ zklfk pdnhv sxeolf jrrgv surylvlrq pruh dwwudfwlyh wr yrwhuv/ lqfuhdv0
lqj wkh vl}h ri jryhuqphqw1 Wkh suhglfwlrq ri wkh prgho lv vwurqjo| vxssruwhg e|
urexvw hpslulfdo hylghqfh iurp d furvv vhfwlrq ri 95 ghprfudwlf frxqwulhv lq 4<<81
Nh|zrugv= srolwlfdo dffrxqwdelolw|/ frqwuro ri srolwlfldqv/ vl}h ri jryhuqphqw
MHO0fodvvlfdwlrq= G:5/ H95/ K33
￿L dp judwhixo wr Mlp Dow/ Urehuw Edwhv/ Mrkq Ihuhmrkq/ Hulf Oh Erujqh/ Odxuhqw Pduwlq/ Vßuhq
Er Qlhovhq/ Fkulvwldq Vfkxow}/ Nhq Vkhsvoh/ Gdylg Vnloolqj/ Wruvwhq Voßn dqg sduwlflsdqwv lq vhplqduv/
zrunvkrsv dqg frqihuhqfhv dw FSHJ 5333 lq Ydqfrxyhu/ HSUX dw Xqlyhuvlw| ri Frshqkdjhq/ Kduydug/
LLSI Dqqxdo Frqihuhqfh lq Vhylooh/ dqg SHW 5333 lq Zduzlfn iru khosixo frpphqwv/ glvfxvvlrqv dqg
vxjjhvwlrqv/ dqg wr Sdeor ]rlgr0Oredw￿q iru dqvzhulqj txhvwlrqv derxw wkh gdwd1 Wkh ylhzv suhvhqwhg/
dv zhoo dv huuruv dqg rplvvlrqv/ duh p| uhvsrqvlelolw|1 Wkh sdshu zdv zulwwhq zkloh ylvlwlqj Kduydug
Xqlyhuvlw|> L judwhixoo| dfnqrzohgjh ￿qdqfldo vxssruw iurp HSUX/ wkh Gdqlvk Uhvhdufk Dfdghp|/ wkh
FRZLirxqgdwlrq/ dqg d Vdvdndzd Lqwhuqdwlrqdo Ihoorzvkls1 Wkh dfwlylwlhv ri HSUX duh ￿qdqfhg e| d
judqw iurp wkh Gdqlvk Qdwlrqdo Uhvhdufk Irxqgdwlrq1
|Hfrqrplf Srolf| Uhvhdufk Xqlw/ Lqvwlwxwh ri Hfrqrplfv/ Xqlyhuvlw| ri Frshqkdjhq/ VwxglhvwuØgh 9/
GN04788 Frshqkdjhq N/ Ghqpdun1 H0pdlo= Gdylg1Guh|hu1OdvvhqChfrq1nx1gn1Zkhuh wkh frqwuro ri r!fldov lv zhdn/ rqh zrxog qrw h{shfw flwl}hqv wr doorz r!fldov wr
frppdqg pdq| uhvrxufhv14
4L q w u r g x f w l r q
Dw wkh hqg ri wkh wzhqwlhwk fhqwxu|/ wkh vl}h ri jryhuqphqw glhuhg juhdwo| dfurvv frxq0
wulhv1 Lq 4<<8/ wd{ uhyhqxh dv shufhqw ri JGS zdv :1: shufhqw lq Jxdwhpdod/ dqg 7<18
shufhqw lq Vzhghq15 Dw wkh vdph wlph/ srolwlfdo uljkwv glhuhg juhdwo|1 Lq 4<<8 wkhuh
zhuh/ dffruglqj wr wkh fodvvlfdwlrq e| Iuhhgrp Krxvh/ :9 iuhh frxqwulhv/ zkloh 95 zhuh
sduwo| iuhh/ dqg 86 zhuh qrw iuhh16 Wklv sdshu h{soruhv wkh olqn ehwzhhq srolwlfdo
g h p r f u d f |d q gw k hv l } hr ij r y h u q p h q w 1
Wkh jrdo ri wkh sdshu lv wr khos h{sodlq furvv0frxqwu| glhuhqfhv lq wkh vl}h ri jryhuq0
phqw e| glhuhqfhv lq srolwlfdo dffrxqwdelolw|1 Srolwlfdo dffrxqwdelolw| lv lqwhusuhwhg dv
wkh ghjuhh wr zklfk yrwhuv fdq frqwuro hohfwhg ohdghuv lq d sulqflsdo0djhqw uhodwlrqvkls1
Wzr fhqwudo ihdwxuhv ri srolwlfdo dffrxqwdelolw| lv wudqvsduhqf| dqg srolwlfdo frqwhvwdelo0
lw|1
Ihuhmrkq +4<<<, qgv/ lq d sulqflsdo0djhqw prgho ri jryhuqphqw/ wkdw juhdwhu wudqv0
sduhqf| lq sxeolf ghflvlrq0pdnlqj lqfuhdvhv yrwhu frqwuro ryhu srolwlfdo djhqwv zklfk/ lq
wxuq/ lqfuhdvhv wkh vl}h ri jryhuqphqw ghpdqghg e| yrwhuv lq d ghprfudf|/ dqg kh xvhv
wklv lqvljkw wr jdlq dq xqghuvwdqglqj ri wkh lqfuhdvh lq wkh vl}h ri jryhuqphqw lq wkh
Xqlwhg Vwdwhv wkurxjk wkh odvw wzr fhqwxulhv1
Zh prgli| Ihuhmrkq*v wkhruhwlfdo prgho wr lqfoxgh d ghjuhh ri srolwlfdo frqwhvwdelolw|/
ru/ lqwhusuhwhg pruh eurdgo|/ d ghjuhh ri ghprfudf|17 Iru hohfwrudo frqwuro ri srolwlfldqv
wr eh hhfwlyh/ lw pxvw eh srvvleoh iru yrwhuv wr yrwh iru rwkhu srolwlfldqv ru sduwlhv lq
iuhh dqg idlu hohfwlrqv1 Li srolwlfdo frpshwlwlrq lv frqvwudlqhg/ wkh hohfwrudo wkuhdw ri
yrwlqj srolwlfldqv rxw ri r!fh lv pxwhg dqg/ wkhuhiruh/ yrwhu frqwuro ri srolwlfldqv lv
lpsdluhg1 Wkxv/ wkh suhglfwlrq lv wkdw juhdwhu srolwlfdo frqwhvwdelolw| lqfuhdvhv wkh vl}h
ri jryhuqphqw1
Wkh suhglfwlrqv ri wkh prgho qg vwurqj dqg urexvw vxssruw lq hpslulfdo hylghqfh
4Ihuhmrkq +4<<3/ s1 ;,1
5Gdwd iurp wklv sdshu> vhh dsshqgl{ E1
6Ndudwq|fn| +4<<9/ s1 6,
7Shukdsv wkh whup sro|dufk| vkrxog eh xvhg lqvwhdg ri ghprfudf| lq rughu wr ￿pdlqwdlq wkh glvwlqf0
wlrq ehwzhhq ghprfudf| dv dq lghdo v|vwhp dqg wkh lqvwlwxwlrqdo duudqjhphqwv wkdw kdyh frph wr eh
uhjdughg dv d nlqg ri lpshuihfw dssur{lpdwlrq ri dq lghdo1￿ Gdko +4<:4/ s1 <,1
4iurp 95 ghprfudwlf frxqwulhv lq 4<<81 Srolwlfdo dffrxqwdelolw| lv phdvxuhg e| dq lqgh{
edvhg rq vxemhfwlyh lqglfdwruv frqvwuxfwhg e| Ndxipdqq/ Nudd| dqg ]rlgr0Oredwöq
+4<<<d/4<<<e,1
Wkh sdshu lv rujdql}hg dv iroorzv= Wkh qh{w wzr vxevhfwlrqv lqwurgxfhv wkh prghoolqj
dssurdfk dqg glvfxvvhv uhodwhg olwhudwxuh1 Lq vhfwlrq 5 wkh wkhruhwlfdo prgho lv suhvhqwhg1
Vhfwlrq 6 vhwv xs wkh hpslulfdo vshflfdwlrq/ lqvwuxphqwv dqg gdwd/ dqg vhfwlrq 7 suhvhqwv
wkh pdlq uhvxowv dqg wkhlu urexvwqhvv1 Vhfwlrq 8 frqfoxghv1
414 Wkh Wkhruhwlfdo Iudphzrun
Wkh dssurdfk wdnhq lq wklv sdshu lv wr uhfrjql}h wkdw jryhuqphqw lv uhsuhvhqwdwlyh dqg wr
irfxv rq krz wkh qdwxuh ri wkh uhodwlrqvkls ehwzhhq flwl}hqv dqg wkhlu ohdghuv lv vkdshg e|
wkh vhohfwlrq surfhvv ri vxfk ohdghuv1 Vwduwlqj zlwk Eduur +4<:6,/ exw uhfrjql}hg douhdg|
lq wkh Ihghudolvw Sdshuv/ wkh uhodwlrqvkls ehwzhhq flwl}hqv dqg wkhlu ohdghuv fdq eh vhhq
dv d sulqflsdo0djhqw uhodwlrqvkls1 Yrwhuv/ wkh sulqflsdov/ fkrrvh ohdghuv/ wkh djhqwv/ zkr
lq wxuq uxoh wkh sulqflsdov1 Eduur/ dqg odwhu Ihuhmrkq +4<;9,/ h{dplqhg wkh srvvlelolwlhv
iru yrwhuv wr frqwuro hohfwhg srolwlfldqv18 Frpsduhg wr wkh hoderudwh lqfhqwlyh vfkhphv
irxqg lq vwdqgdug hfrqrplf sulqflsdo0djhqw sureohpv/ wkh pdlq lqvwuxphqw dydlodeoh
wr yrwhuv iru frqwuroolqj wkhlu ohdghuv lv vrphzkdw eoxqw= Hohfwlrqv1 Li shuirupdqfh lv
xqvdwlvidfwru|/ yrwhuv fdq yrwh iru vrphrqh hovh1
Wkxv/ rqh fhqwudo ihdwxuh ri hohfwlrqv lv wr surylgh d fkhfn rq hohfwhg ohdghuv e|
kroglqj wkhp dffrxqwdeoh iru wkhlu ghflvlrqv dqg wkh rxwfrphv uhvxowlqj iurp wkhvh
ghflvlrqv1 Li wkh srvvlelolwlhv iru kroglqj ohdghuv dffrxqwdeoh wkurxjk hohfwlrqv duh olplwhg/
yrwhuv orvh frqwuro ryhu wkhlu ohdghuv dqg/ dv vxjjhvwhg e| Ihuhmrkq +4<<3/ 4<<<,/ wklv fdq
lq xhqfh wkh ghjuhh wr zklfk flwl}hqv duh zloolqj wr hqwuxvw wkhlu ohdghuv zlwk dxwkrulw|
dqg uhvrxufhv1
Lq wkh prgho vhw xs ehorz/ wkh srolwlfdo djhqw xvhv uhvrxufhv iurp yrwhuv wr qdqfh
sxeolf jrrgv surylvlrq1 Wkh lqwhuhvwv ri wkh yrwhuv dqg wkh srolwlfldqv duh qrw shuihfwo|
doljqhg> lqghhg/ wklv lv zkdw jlyhv ulvh wr d sulqflsdo0djhqw sureohp1 Ixuwkhu/ wkhuh lv
dv|pphwulf lqirupdwlrq1 Wkh srolwlfldq sulydwho| revhuyhv wkh uhdol}dwlrq ri d vwrfkdvwlf
yduldeoh zklfk lq xhqfhv wkh udwh ri wudqvirupdwlrq iurp wd{ uhyhqxh wr sxeolf jrrgv1
Frph hohfwlrq gd|/ yrwhuv hydoxdwh wkh rxwfrph dqg uhhohfw wkh srolwlfldq li wkh rxwfrph
lv vdwlvidfwru|1
8Vhh Slwnlq +4<9:/ fkdswhu 5, iru d glvfxvvlrq ri dffrxqwdeoh uhsuhvhqwdwlrq1
5Wzr ihdwxuhv ri wkh prgho vhw lw dsduw iurp jhqhulf sulqflsdo0djhqw prghov ri jry0
huqphqw= Iluvw/ yrwhuv kdyh dq rxwvlgh rswlrq> wkh| zdqw dovr wr frqvxph sulydwh jrrgv1
Wkhuhiruh/ wkh djhqw  wkh jryhuqphqw  lv frqvwudlqhg lq lw*v dfwlrqv/ dv wkh rxwvlgh
rswlrq fuhdwhv frpshwlwlrq iru ixqgv1 Vhfrqg/ lw lv yrwhuv/ qrw srolwlfldqv/ zkr ghflgh wkh
vl}h ri jryhuqphqw1 Wklv lv lq olqh zlwk wkh fodvvlfdwlrq ri srolwlfdo uhjlphv e| Su}h0
zruvnl dqg Olprqjl +4<<6/ s1 8;,1 Wkh| fodvvli| srolwlfdo uhjlphv dorqj wzr glphqvlrqv=
Zkr ghflghv wkh vl}h ri jryhuqphqw/ dqg zkr kdv wkh uljkwv wr wkh vfdo uhvlgxxp wkdw
lv ohiw diwhu sxeolf h{shqglwxuhv kdyh ehhq sdlg iru/ dqg wkh| ghqh d ghprfudf| dv d
uhjlph lq zklfk flwl}hqv erwk ghflgh wkh vl}h ri jryhuqphqw dqg kdyh d uljkw wr wkh
vfdo uhvlgxxp1
Wkdw yrwhuv/ dqg qrw srolwlfldqv/ ghwhuplqh wkh vl}h ri jryhuqphqw pd| dsshdu vshfldo>
krzhyhu/ lq prvw prghov lq zklfk yrwhuv dssrlqw d srolwlfldq zkr wkhq fkrrvhv srolf|/
wkh fkrlfh ri srolf| +ru dw ohdvw wkh srolwlfldq*v sodwirup, lv uhvsrqvlyh wr wkh zlvkhv ri
wkh phgldq yrwhu dqg/ ixuwkhupruh/ wkh srolwlfdoo| vdolhqw glphqvlrq ri srolf| lv riwhq
wkrxjkw wr eh wkh vl}h ri jryhuqphqw ru/ whuphg pruh eurdgo|/ vwdwh yv1 pdunhwv +vhh/
h1j1/ Ehvoh| dqg Frdwh/ 5333,
Wkxv/ wkh wkhru| ghyhorshg lq wklv sdshu dssolhv rqo| wr ghprfudwlf uhjlphv/ exw
dujxhv wkdw wudqvsduhqf| dqg frqwhvwdelolw| glhu zlwklq wkh jurxs ri ghprfudwlf uhjlphv1
415 Uhodwlrq wr wkh Olwhudwxuh
Wkhuh h{lvwv d odujh olwhudwxuh vhhnlqj wr h{sodlq wkh jurzwk ri jryhuqphqw ryhu wlph dv
zhoo dv furvv0frxqwu| glhuhqfhv lq wkh vl}h ri jryhuqphqw iurp hfrqrplf/ srolwlfdo dqg
fxowxudo idfwruv> vhh Krovh| dqg Erufkhuglqj +4<<:, iru d uhfhqw vxuyh|1
D qxpehu ri hpslulfdo vwxglhv/ h1j1 Show}pdq +4<;3,/ Hdvwhuo| dqg Uhehor +4<<6,/
Ehfnhu dqg Pxooljdq +4<<;,/ kdyh irxqg qr hhfw ri zkhwkhu d frxqwu| lv ghprfudwlf rq
wkh vl}h ri jryhuqphqw1 Dv qrwhg deryh/ wkh prgho vhw xs lq wklv sdshu lv frqfhuqhg rqo|
zlwk ghprfudwlf uhjlphv/ exw vxjjhvwv wkdw/ jlyhq wkdw d frxqwu| lv ghprfudwlf/ glhuhqw
ghjuhhv ri srolwlfdo dffrxqwdelolw| fdq khos h{sodlq glhuhqfhv lq wkh vl}h ri jryhuqphqw1
Phow}hu dqg Ulfkdug +4<;4, h{sodlq wkh jurzwk lq jryhuqphqw e| irfxvlqj rq fkdqjhv
lq wkh iudqfklvh1 Wkh| dujxh wkdw wkh h{sdqvlrq ri wkh iudqfklvh wkdw wrrn sodfh lq pdq|
Zhvwhuq frxqwulhv lq wkh hduo| wzhqwlhwk fhqwxu| ghfuhdvhg wkh phgldq yrwhu*v lqfrph
uhodwlyh wr wkdw ri wkh dyhudjh yrwhu/ zlwk pruh uhglvwulexwlrq dv d gluhfw uhvxow1
Od Sruwd/ Orsh}0gh0Vlodqhv/ Vkohlihu dqg Ylvkq| +4<<<, h{dplqh wkh ghwhuplqdqwv ri
6wkh txdolw| ri jryhuqphqw xqghuvwrrg dv jrrg0iru0fdslwdolvw0ghyhorsphqw dqg wkh|
qg frqvlvwhqwo| 111 wkdw wkh ehwwhu shuiruplqj jryhuqphqwv duh dovr odujhu/ dqg froohfw
kljkhu wd{hv1 Srruo| shuiruplqj jryhuqphqwv/ lq frqwudvw/ duh vpdoohu dqg froohfw ihzhu
wd{hv 111 ^Wklv` whoov xv wkdw lghqwli|lqj elj jryhuqphqw zlwk edg jryhuqphqw fdq eh
kljko| plvohdglqj1 ^s1 599`1 Wkh suhvhqw sdshu fdq eh vhhq dv dwwhpswlqj wr surylgh
dq h{sodqdwlrq iru wklv skhqrphqrq1
Ehfnhu dqg Pxooljdq +4<<;, qg wkdw wd{ v|vwhpv wkdw duh pruh h!flhqw/ l1h1 lqgxfh
ohvv hfrqrplf glvwruwlrqv/ ohdg wr odujhu jryhuqphqw1 Wkh uhvxowv lq wklv sdshu fdq eh
vhhq dv h{whqglqj wklv dujxphqw wr srolwlfdo h!flhqf|= Srolwlfdo uhjlphv wkdw duh pruh
h!flhqw/ l1h1 uhgxfh djhqf| frvwv/ ohdg wr odujhu jryhuqphqw1
Prvw uhodwhg wr wklv sdshu duh wkh sdshuv e| Shuvvrq/ Urodqg dqg Wdehoolql +4<<:/
5333, dqg Shuvvrq dqg Wdehoolql +4<<<,1 Wkh| dujxh wkdw suhvlghqwldo uhjlphv zlwk
fohdu vhsdudwlrq ri srzhuv dqg d v|vwhp ri fkhfnv dqg edodqfhv surylgh pruh srolwlfdo
dffrxqwdelolw| wkdq sduoldphqwdu| v|vwhpv1 Lq wkhlu prgho/ wklv lpsolhv wkdw suhvlghqwldo
uhjlphv kdyh vpdoohu jryhuqphqwv wkdq sduoldphqwdu| v|vwhpv/ d qglqj vxssruwhg e|
hpslulfdo hylghqfh lq Shuvvrq dqg Wdehoolql +4<<<,1 Wkh prgho lq wklv sdshu/ edvhg rq
Ihuhmrkq +4<<<,/ suhglfwv wkdw pruh dffrxqwdelolw| lqvwhdg ohdgv wr odujhu jryhuqphqw1
Lq erwk prghov/ pruh dffrxqwdelolw| ohdgv wr ohvv uhqwv ehlqj glyhuwhg e| wkh srolwl0
fldq/ zklfk lqfuhdvhv yrwhuv* yluwxdo lqfrph1 Wkhq/ wkh txhvwlrq ehfrphv zkdw yrwhuv
gr zkhq wkhlu lqfrph lqfuhdvhv dqg wklv/ ri frxuvh/ ghshqgv rq wkhlu suhihuhqfhv1 Lq
Shuvvrq dqg Wdehoolql +4<<<, dqg Shuvvrq hw do1 +5333,/ wkh lqfrph hodvwlflw| ri sxeolf
jrrgv lv ohvv wkdq rqh/ zkloh wkh rssrvlwh lv wuxh ri Ihuhmrkq +4<<<, dqg wkh prgho sxw
i r u z d u gl qw k l vs d s h u 1
Wkh skhqrphqrq ri dq lqfrph hodvwlflw| ri sxeolf jrrgv lq h{fhvv ri rqh lv nqrzq dv
Zdjqhu*v Odz1 Zkhwkhu wklv krogv hpslulfdoo| lv vwloo dq rshq txhvwlrq1 Pxhoohu +4<;<,
uhsruwv wkdw pdq| vwxglhv idlo wr qg dq lqfrph hodvwlflw| vljqlfdqwo| juhdwhu wkdq rqh/
exw qrwhv wkdw wkhvh hvwlpdwhv pd| eh eldvhg grzqzdug1 Vwxglhv wkdw qg vxssruw lq
lqwhuqdwlrqdo gdwd iru Zdjqhu*v Odz rq erwk furvv0vhfwlrq dqg sdqho gdwd lqfoxgh Rdwhv
+4<;8,/ Hdvwhuo| dqg Uhehor +4<<6,/ Ehfnhu dqg Pxooljdq +4<<;, dqg Od Sruwd hw do1
+4<<<,1
Wkh wkhruhwlfdo suhglfwlrq ri Shuvvrq hw do1 +4<<:/ 5333, wkdw suhvlghqwldo uhjlphv/ fh0
whulv sdulexv/ kdyh vpdoohu jryhuqphqwv wkdq sduoldphqwdu| uhjlphv/ lv/ dv qrwhg deryh/
7edvhg rq d suhvlghqwldo v|vwhp h{klelwlqj juhdwhu srolwlfdo dffrxqwdelolw|19 Wklv suhglf0
wlrq uholhv fuxfldoo| rq dq hhfwlyh v|vwhp ri fkhfnv dqg edodqfhv ehlqj lq sodfh1 Lw lv qrw
fohdu/ krzhyhu/ wkdw wklv lv jhqhudoo| wkh fdvh iru wkh frxqwulhv lqfoxghg lq wkh vdpsoh ri
Shuvvrq dqg Wdehoolql +4<<<,> d odujh sduw ri wkh suhvlghqwldo frxqwulhv lq wkhlu vdpsoh
duh Odwlq Dphulfdq/ dqg lq pdq| Odwlq Dphulfdq frxqwulhv uxolqj e| suhvlghqwldo ghfuhh
kdv ehhq +dqg wr vrph h{whqw vwloo lv, frpprqsodfh/ xqghuplqlqj wkh irupdo fkhfnv dqg
edodqfhv v|vwhp1:
Lq wkh vdpsoh ri frxqwulhv frqvlghuhg lq wklv sdshu/ wkh vlpsoh fruuhodwlrq ehwzhhq
wkh phdvxuh ri srolwlfdo dffrxqwdelolw| dqg suhvlghqwldolvp lv eDc zklfk lv vljqlfdqw
dw 15 shufhqwdjh ohyho1 Wkxv/ wkh hpslulfdo qglqj ri Shuvvrq dqg Wdehoolql +4<<<,
wkdw suhvlghqwldo v|vwhpv whqg wr kdyh vpdoohu sxeolf vhfwruv fdq eh h{sodlqhg zlwklq
wkh prghoolqj iudphzrun ri wklv sdshu lq wkh iroorzlqj zd|= Dv suhvlghqwldo uhjlphv
hpslulfdoo| duh dvvrfldwhg zlwk ohvv srolwlfdo dffrxqwdelolw|/ yrwhuv kdyh ohvv frqwuro ri
srolwlfldqv/ ohdglqj wr vpdoohu jryhuqphqw lq suhvlghqwldo uhjlphv1
5W k h P r g h o
D vlpsoh sulqflsdo0djhqw prgho ri hohfwrudo frqwuro ri jryhuqphqw lv frqvlghuhg1 Yrwhuv
jhw xwlolw| iurp d sulydwh dqg d sxeolf jrrg1 Doo yrwhuv kdyh wkh vdph lqfrph/ exw glhu
lq wkhlu uhodwlyh zhljkwv ri sxeolf yv1 sulydwh frqvxpswlrq1 Wd{ uhyhqxh lv wudqviruphg
lqwr sxeolf jrrgv e| wkh srolwlfldq1 Wkhuh lv dv|pphwulf lqirupdwlrq derxw d vkrfn wkdw
dhfwv wklv wudqvirupdwlrq= wkh srolwlfldq fdq revhuyh wkh vkrfn zkloh yrwhuv fdqqrw1
Xvlqj wklv dv|pphwu| ri lqirupdwlrq dv d yhlo/ wkh srolwlfldq fdq dssursuldwh uhqwv wr
eh xvhg iru wkh srolwlfldq*v rzq ehqhw1 Wkh uhodwlrqvkls ehwzhhq srolwlfldqv dqg yrwhuv
frqwlqxhv lqghqlwho|1
Wkh prgho lv rqh ri sxuho| uhwurvshfwlyh yrwlqj= srolwlfldqv fdq pdnh qr fuhgleoh
frpplwphqwv wr sodwirupv ru krqhvw|/ exw duh mxgjhg vroho| e| wkhlu shuirupdqfh lq wkh
9Wkh pdlq dujxphqw lv wkdw lq d sduoldphqwdu| uhjlph/ wkh h{hfxwlyh lv dffrxqwdeoh wr wkh ohjlvodwxuh/
zklfk lv wkhq dffrxqwdeoh wr yrwhuv/ zkloh lq d sxuh suhvlghqwldo uhjlph zlwk fkhfnv dqg edodqfhv erwk
wkh h{hfxwlyh dqg wkh ohjlvodwxuh duh gluhfwo| dffrxqwdeoh wr yrwhuv1 Vhh Odyhu dqg Vkhsvoh +4<<<, iru
dq dqdo|vlv ri dffrxqwdelolw| lq sduoldphqwdu| uhjlphv1
:Vhh wkh frxqwu| uhsruwv lq Iuhhgrp Krxvh*v ￿Iuhhgrp lq wkh Zruog￿/ ydulrxv |hduv1 Edvhg rq wkh
h{shulhqfh ri Odwlq Dphulfdq ghprfudf|/ d olwhudwxuh lq srolwlfdo vflhqfh/ dvvrfldwhg sulpdulo| zlwk Mxdq
Olq} +vhh Olq} +4<<7,,/ kdv dujxhg wkdw suhvlghqwldo v|vwhpv duh pruh frqgxflyh wr lqihulru rxwfrphv
wkdq duh sduoldphqwdu| v|vwhpv> lq sduwlfxodu/ suhvlghqwldo v|vwhpv duh pruh surqh wr lqvwdelolw|1
8fxuuhqw whup1;
514 Yrwhuv dqg Srolwlfldqv
Dy r w h u jhwv xwlolw| lq hdfk shulrg iurp d sxeolf jrrg % dqg d sulydwh jrrg S dffruglqj
wr wkh shu shulrg suhihuhqfhv<
L
￿ ' % n >￿M ES
Lw lv dvvxphg wkdw M lv lqfuhdvlqj dqg vwulfwo| frqfdyh/ dqg wkdw *4S<f M￿ ES'4 Wkh
sdudphwhu >￿ : f uhsuhvhqwv yrwhu *v uhodwlyh zhljkw rq sulydwh jrrgv1 Wkh kljkhu >￿/
wkh juhdwhu wkh suhihuhqfh iru sulydwh uhodwlyh wr sxeolf jrrgv1 Hdfk yrwhu kdv lqfrph U
lq hdfk shulrg dqg sd|v wd{hv cohdylqj S ' U  wr eh xvhg iru sulydwh frqvxpswlrq143
Lq dq| shulrg/ h{shfwhg xwlolw| fdq eh zulwwhq dv fxuuhqw xwlolw| soxv ixwxuh xwlolw|
.L
￿ ' %
e n >￿M ESnBT
￿ +4,
zkhuh BT ￿ lv wkh glvfrxqwhg h{shfwhg frqwlqxdwlrq ydoxh dqg %e lv wkh h{shfwhg dprxqw
ri sxeolf jrrgv surylghg1 Lq d vwdwlrqdu| vwdwh/ .L￿ ' T ￿ Wkhuh lv d frqwlqxxp ri yrwhuv




c> fc qrupdol}hg wr rqh/ dffruglqj wr d glvwulexwlrq
ixqfwlrq C
Wd{ uhyhqxh lv wudqviruphg lqwr wkh sxeolf jrrg dffruglqj wr wkh sxeolf exgjhw
frqvwudlqw
% ' wE  o
zkhuh w lv d vwrfkdvwlf yduldeoh glvwulexwhg dffruglqj wr d glvwulexwlrq ixqfwlrq 8c dqg o
ghqrwhv uhqwv dssursuldwhg e| wkh srolwlfldq1 Wkh vkrfn w fdswxuhv wkh idfw wkdw yrwhuv
duh qrw dozd|v deoh wr wkrurxjko| prqlwru wkh sxeolf pdfklqhu| dqg wkdw srolwlfldqv
fdq xvh wklv ohhzd| iru wkhlu rzq ehqhw1 Wkh srolwlfldq revhuyhv w ehiruh fkrrvlqj
uhqwv> uhqwv/ wkhuhiruh/ duh d ixqfwlrq ri wc oEw Yrwhuv revhuylqj d orz uhdol}dwlrq ri %
;Wkhuh lv qr dgyhuvh vhohfwlrq lq wkh prgho ￿ srwhqwldo srolwlfldqv duh doo htxdoo| jrrg dw surylglqj
sxeolf jrrgv1 Vhh Ihdurq +4<<<, iru d glvfxvvlrq ri prudo kd}dug yv1 dgyhuvh vhohfwlrq lq srolwlfdo djhqf|
prghov> dqg Ehvoh| dqg Fdvh +4<<8, iru hylghqfh wkdw whup olplwv dowhu jxehuqdwruldo ehkdylru lq wkh
XV/ frqvlvwhqw zlwk wkh suhvhqfh ri prudo kd}dug1
<Wkh uhvxowv gr qrw ghshqg rq suhihuhqfhv ehlqj txdvl olqhdu ￿ rqo| rq wkh lqfrph hodvwlflw| ri sxeolf
jrrgv ehlqj juhdwhu wkdq rqh +dv qrwhg lq wkh suhylrxv vhfwlrq,1
43Dowhuqdwlyho|/ yrwhuv frxog kdyh lghqwlfdo xwlolw| ixqfwlrqv exw gl￿huhqw lqfrphv ru delolwlhv1 Wklv
dssurdfk zrxog |lhog d vlplodu rqh0glphqvlrqdo khwhurjhqhlw|> vhh Phow}hu dqg Ulfkdug +4<;4,1
9fdqqrw ghwhuplqh zkhwkhu wklv lv gxh wr d edg vkrfn +orz w r udk l j kd p r x q wr iu h q w v




wE  oEw_8 Ew
Wkh srolwlfldq*v suhihuhqfhv duh jlyhq e|
.L
￿ ' `on RE%BT
￿
zkhuh RE% 5 dfco lv wkh suredelolw| wkdw wkh srolwlfldq lv uhhohfwhg dqg fdq hqmr| wkh
glvfrxqwhg h{shfwhg frqwlqxdwlrq ydoxh/ BT ￿c dqg ` 5 dfco lv wkh iudfwlrq ri uhqwv
dssursuldwhg e| wkh srolwlfldq wkdw fdq dfwxdoo| eh xvhg iru frqvxpswlrq> wklv vxjjhvwv
wkdw wkhuh lv d ohdn| exfnhw lq wudqvihuulqj sxeolf ixqgv wr eh xvhg iru wkh srolwlfldq*v
rzq frqvxpswlrq1 Lq wkh prgho/ yrwhuv dqg srolwlfldqv kdyh frq lfwlqj lqwhuhvwv ryhu
uhqwv/ fdswxulqj wkh uhdo zruog skhqrphqrq wkdw suhihuhqfhv ri srolwlfldqv dqg yrwhuv
duh qrw shuihfwo| doljqhg1 Uhqwv vkrxog eh wkrxjkw ri eurdgo| dv uhsuhvhqwlqj wkh orvv wr
yrwhuv +frqvxphuv, iurp srolflhv hqdfwhg e| srolwlfldqv iru wkhlu rzq vhoi0lqwhuhvw144
		 Iljxuh 4 ::
Wkh wlplqj ri wkh prgho lv vkrzq lq Iljxuh 41 Iluvw/ yrwhuv yrwh rq wkh vl}h ri
jryhuqphqw e| pdmrulw| yrwh1 Wkhq/ wkh srolwlfldq revhuyhv wkh vkrfn w dqg fkrrvhv d
ohyho ri uhqwv oEw Wkhuhdiwhu/ sd|rv duh uhdol}hg iru erwk yrwhuv dqg srolwlfldq dqg/
qdoo|/ hohfwlrqv wdnh sodfh rq zkhwkhu wr uhsodfh wkh srolwlfldq1
515 Yrwlqj
Dlplqj iru d vwdwlrqdu| vxejdph shuihfw Qdvk htxloleulxp/ wkh prgho lv vroyhg edfn0
zdugv1 Dw hohfwlrq gd|/ yrwhuv fkrrvh zkhwkhu wr yrwh iru wkh lqfxpehqw srolwlfldq ru
dq rssrqhqw1 Vlqfh yrwhuv fdqqrw revhuyh qhlwkhu o qru wc wkh| fdqqrw frqglwlrq wkhlu
yrwh rq wkhvh yduldeohv1 Dv lv vwdqgdug lq wkh olwhudwxuh +vhh/ h1j1/ Edqnv dqg Vxqgdudp
+4<<;,,/ zh dvvxph wkdw yrwhuv hpsor| d fxw0r uxoh zkhq ghflglqj zkhwkhu wr yrwh iru
44Lq wklv vlpsoh prgho/ uhqwv gulyh d zhgjh ehwzhhq wd{hv sdlg dqg sxeolf jrrgv uhfhlyhg1 Krzhyhu/
wudgh surwhfwlrq/ h1j1 lpsruw txrwdv/ hqdfwhg wr uhfhlyh fdpsdljq ixqgv iurp surwhfwhg lqgxvwulhv ￿
vhh Jurvvpdq dqg Khospdq +4<<7, ￿ lqfuhdvhv uhqwv wr wkh srolwlfldq e| d￿hfwlqj frqvxphu sulfhv1
Lq wklv fdvh/ derolvklqj wudgh surwhfwlrq zrxog ehqh￿w frqvxphuv/ lqfuhdvlqj lqfrph dqg lqfuhdvlqj
frqvxpswlrq ri erwk sulydwh dqg sxeolf jrrgv lq d prgho zlwk jhqhudo suhihuhqfhv1 D idprxv h{dpsoh
lv wkh X1V1 vxjdu lqgxvwu|/ vhh Gl{lw +4<<9, iru wklv dqg rwkhu h{dpsohv1
:wkh lqfxpehqw ru qrw/ yrwlqj iru wkh lqfxpehqw li sxeolf jrrgv surylvlrq % lv deryh vrph
wkuhvkrog %W
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Krzhyhu/ lq wklv irupxodwlrq lw lv lpsolflwo| dvvxphg wkdw yrwhuv fdq frvwohvvo| yrwh iru
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Li wkh lqfxpehqw srolwlfldq vdwlvhv wkh wkuhvkrog ohyho vhw e| yrwhuv/ kh lv uhhohfwhg1 Li/
krzhyhu/ kh grhv qrw vdwlvi| wklv wkuhvkrog/ kh pd| eh uhhohfwhg dq|zd|/ ghshqglqj rq
w k hg h j u h hr isrolwlfdo frqwhvwdelolw|/ ru/ pruh eurdgo|/ ghjuhh ri ghprfudf|/ ghqrwhg .1
Irupdoo|/ 1 E. 5 dfco lv wkh suredelolw| wkdw wkhuh lv qr fkdqjh ri srzhu hyhq wkrxjk
yrwhuv yrwh djdlqvw wkh lqfxpehqw1 . f d qw d n hr qy d o x h vl qdfc4c iurp qr ghprfudf|
wr ixoo ghprfudf|/ dqg lw lv dvvxphg wkdw 1 Ef ' c1
￿ E. 	 f dqg *4.<" 1 E.'f 
Wkh suredelolw| vkrxog qrw qhfhvvdulo| eh lqwhusuhwhg dv wkh suredelolw| wkdw wkh
lqfxpehqw zloo qxooli| wkh hohfwlrq vkrxog kh orvh/ exw udwkhu wkdw/ iru h{dpsoh li srolwlfdo
frpshwlwlrq lv orz/ lw pd| qrw eh srvvleoh iru yrwhuv dozd|v wr qg yldeoh dowhuqdwlyhv wr
wkh lqfxpehqw/ lq zklfk fdvh wkh lqfxpehqw vwd|v lq srzhu1
H{dpsohv ri ohvv wkdq lghdo hohfwlrqv lq ghprfudflhv derxqg1 Iru h{dpsoh/ Su}hzruvnl
dqg Olprqjl +4<<6/ s1 8;, qrwh wkdw ^s`duw| frpshwlwlrq pxvw eh hdvlo| wkh prvw
surwhfwhg lqgxvwu| lq wkh Xqlwhg Vwdwhv1 Lq wkh XV Suhvlghqwldo Hohfwlrq 5333/ wkh
Olehuwduldq Sduw| vxhg wkh Ihghudo Hohfwlrq Frpplvvlrq/ frqwhqglqj wkdw uxohv iru
sduwlflsdwlrq lq suhvlghqwldo ghedwhv duh vr uhvwulfwlyh wkdw wkh| xqidluo| h{foxgh plqru0
sduw| fdqglgdwhv dqg lqghshqghqwv1 ^Wkh Fdpsdljq Wudlo/ Qhz \run Wlphv/ Pd| </
5333`1
Lq wkh Ph{lfdq suhvlghqwldo frqwhvw lq 5333/ zklfk zdv wkrxjkw wr eh wkh idluhvw dqg
prvw rshq |hw/ sur0jryhuqphqw phgld h{hfxwlyhv edqqhg rssrvlwlrq frpphufldov iru
45Khuh/ wkh wkuhvkrog lv lq whupv ri sxeolf jrrgv {= Dowhuqdwlyho|/ yrwhuv frxog kdyh d uhvhuydwlrq
xwlolw| dv wkuhvkrog1 Jlyhq wkh dvvxpswlrq ri dgglwlyho| vhsdudeoh suhihuhqfhv/ wkh wzr irupxodwlrqv duh
htxlydohqw1
;zhhnv/ ylvdv iru iruhljq hohfwlrq revhuyhuv zhuh ghod|hg/ dqg fdpsdljq qdqfh frqwuro
zdv vw|plhg1 Lw zdv wkh uvw hohfwlrq zlwk yrwlqj errwkv wkdw kdg fxuwdlqv dqg wkdw
w rqo| rqh shuvrq1 ^Gloorq dqg Suhvwrq/ Qhz \run Wlphv/ Pd| </ 5333`1 Lq wkh 5333
suhvlghqwldo hohfwlrq lq \xjrvodyld/ wkh r!fldo hohfwlrq uhvxow ri wkh uvw urxqg zdv vxfk
wkdw wkh lqfxpehqw/ suhvlghqw Plorvhylf/ zdv wr kdyh d uxq0r djdlqvw wkh pdlq rssrqhqw/
Yrmlvody Nrvwxqlfd/ ghvslwh uhsruwv wkdw wkh rssrvlwlrq kdg zrq e| d fohdu pdmrulw|1 Lq
wkh hqg/ krzhyhu/ wkh rssrvlwlrq ohdghu wrrn r!fh zlwkrxw d vhfrqg urxqg uxq0r1
Wkh gh idfwr yrwlqj uxoh fdq shukdsv eh wkrxjkw ri lq whupv ri eduulhuv wr hqwu| lq
wkh srolwlfdo pdunhw1 Lq wkh Ehvoh|0Frdwh prgho ri uhsuhvhqwdwlyh ghprfudf| +Ehvoh|
dqg Frdwh/ 4<<:,/ flwl}hq0fdqglgdwhv fdq hqwhu wkh srolwlfdo pdunhw dw vrph xwlolw| frvw1
Reylrxvo|/ wkh kljkhu lv wklv frvw/ wkh ihzhu zloo frqwhpsodwh fdqglgdf|1 Ixuwkhu/ wkh
frvw lv suhvxphdeo| orzhu iru lqfxpehqwv +vhh Wxoorfn +4<98, dqg Fudlq +4<::,,1 Hqwu|
frvwv duh lq xhqfhg e| wkh ghjuhh ri srolwlfdo uljkwv dqg flylo olehuwlhv1 Lq vrflhwlhv zlwk
lqiulqjhphqwv ri vxfk uljkwv dqg olehuwlhv/ hlwkhu gh mxuh ru gh idfwr/ wkh frvwv ri hqwhulqj
wkh srolwlfdo pdunhwv fdq eh kljk/ shukdsv surklelwlyho| vr/ ohdglqj wr olplwhg srolwlfdo
frqwhvwdelolw|146
Jlyhq wklv yrwlqj uxoh/ wkh srolwlfldq pxvw fkrrvh ehwzhhq glyhuwlqj doo wd{ uhyhqxh dv
uhqwv dqg zlqqlqj zlwk suredelolw| 1 E. dqg glyhuwlqj dq dprxqw oW dqg ehlqj uhhohfwhg
zlwk suredelolw| 
516 Htxloleulxp
Frqvlghu uvw wkh fdvh ri v|pphwulf lqirupdwlrq1 Lq wklv fdvh/ yrwhuv revhuyh/ ehiruh
wkh| ghflgh rq wkh vl}h ri jryhuqphqw/ wkh uhdol}dwlrq w dorqj zlwk wkh srolwlfldq/ dqg
zh kdyh47
Uhvxow 4 Dvvxph wkdw wkh uhdol}dwlrq w ri wkh vwrfkdvwlf vkrfn lv revhuyhg e| erwk






dqg lv uhhohfwhg zlwk suredelolw| 
Hyhq xqghu frpsohwh lqirupdwlrq/ wkh srolwlfldq lv deoh wr glyhuw vrph uhqwv1 Wklv
zdv dovr wkh phvvdjh ri Shuvvrq hw do1 +4<<:/ Sursrvlwlrq 4,1 Qrwh/ krzhyhu/ wkdw wkh
46Vhh Oh Erujqh dqg Orfnzrrg +5333, iru d irupdo prghoolqj ri wklv1
47Doo surriv dqg ghulydwlrqv duh surylghg lq dsshqgl{ D1
<suhvhqfh ri lpshuihfw hohfwrudo frqwhvwdelolw| E1:f lqfuhdvhv htxloleulxp uhqwv> wkh
wkuhdw wkdw wkh srolwlfldq fdq glyhuw doo wd{ uhyhqxh dqg vwloo eh uhhohfwhg zlwk srvlwlyh
suredelolw| lqfuhdvhv wkh srolwlfldq*v h{shfwhg xwlolw| iurp qrw surylglqj/ zklfk lqfuhdvhv
wkh dprxqw wkdw yrwhuv pxvw jlyh xs wr rewdlq d srvlwlyh vxsso| ri sxeolf jrrgv1
Frqvlghu qrz wr wkh fdvh ri dv|pphwulf lqirupdwlrq/ zkhuh wkh uhdol}dwlrq w lv re0
vhuyhg rqo| e| wkh srolwlfldq1 Ohw w
W
￿ eh wkh wkuhvkrog ri wkh uhdol}dwlrq ri wkh vkrfn vxfk










Wkxv/ lw lv srvvleoh iru hdfk yrwhu wr kdyh d glhuhqw wkuhvkrog %W
￿c zklfk zloo lqgxfh
glhuhqw wkuhvkrogv iru wkh vkrfn w
W
￿ dqg/ wkhuhiruh/ glhuhqw dffhswdeoh uhqwv oW
￿ Krz0
hyhu/ dv zloo eh vkrzq ehorz/ wkh rswlpdo wkuhvkrogv %W









￿ ' oW ; Wkhuhiruh/ vxevfulswv fdq eh
gursshg wr vlpsoli| qrwdwlrq1
Wkh srolwlfldq zloo fkrrvh wr jr iru oW dqg eh uhhohfwhg zlwk fhuwdlqw| li
`o
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Li wkh uhdol}dwlrq ri wkh vkrfn lv juhdwhu wkdq w
W wkh srolwlfldq glyhuwv oW dqg vwd|v lq
srzhu zlwk fhuwdlqw|1 Li wkh uhdol}dwlrq lv ohvv wkdq w
Wc wkh srolwlfldq glyhuwv doo wd{
uhyhqxh dqg vwd|v lq srzhu zlwk suredelolw| 1
D fkrlfh ri d wkuhvkrog %W wkxv fruuhvsrqgv wr d fkrlfh ri d wkuhvkrog ydoxh iru wkh
vkrfn/ w
W Jlyhq wkh srolwlfldq*v ehkdylru/ yrwhu  fkrrvhv %W
￿ wr pd{lpl}h fxuuhqw shulrg
xwlolw|= Li wkh wkuhvkrog lv vhw wrr kljk/ wkh srolwlfldq zloo glyhuw wkh pd{lpxp dprxqw
ri uhqwv dqg iruhjr hohfwlrq lq prvw fdvhv1 Li wkh wkuhvkrog lv wrr orz/ wkh srolwlfldq zloo
eh deoh wr fdswxuh uhqwv iurp dv|pphwulf lqirupdwlrq dqg vwloo eh hohfwhg lq prvw fdvhv1
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zklfk/ xvlqj Ec |lhogv wkh uvw rughu frqglwlrq +djdlq/ vhh dsshqgl{ D,
w
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43Iurp wklv h{suhvvlrq lw lv reylrxv wkdw wkh wkuhvkrog w
W +ru/ htxlydohqwo| xvlqj Ec
%Wc grhv qrw ghshqg rq >c zklfk lv wkh rqo| vrxufh ri khwhurjhqhlw| dprqj yrwhuv1
Wklv vxevwdqwldwhv wkh fodlp pdgh deryh iru gursslqj wkh vxevfulswv148 Wkh uljkw kdqg
vlgh ri wklv h{suhvvlrq lv wkh lqyhuvh ri wkh kd}dug udwh ri wkh glvwulexwlrq ixqfwlrq
8 Wkh lqyhuvh kd}dug udwh lv ghfuhdvlqj prqrwrqlfdoo| lq w
W iru d qxpehu ri frpprq
glvwulexwlrqv/ lqfoxglqj wkh qrupdo dqg wkh xqlirup/ dqg/ wkhuhiruh/ wklv h{suhvvlrq kdv
dx q l t x hv r o x w l r qw
W dqg/ wkhuhiruh/ d xqltxh wkuhvkrog %W
Iru wkh uhpdlqghu ri wkh sdshu/ zh zloo/ wr jhw dq h{solflw vroxwlrq/ dvvxph wkdw w lv
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48Wklv lv gxh wr wkh dgglwlyh vhsdudelolw| ri wkh xwlolw| ixqfwlrq1 Li suhihuhqfhv zhuh qrw dgglwlyho|
vhsdudeoh/ wkh rswlpdo wkuhvkrog {￿
l zrxog lq jhqhudo ghshqg rq ￿l= Krzhyhu/ {￿
l zrxog eh d prqrwrqh
ixqfwlrq ri ￿l> vxfk wkdw d srolwlfldq vdwlvi|lqj wkh phgldq yrwhu*v wkuhvkrog zrxog vdwlvi| wkh wkuhvkrog
ri d pdmrulw| ri yrwhuv1
Wkdw yrwhuv duh deoh wr frqwuro wkh srolwlfldq dw doo klqjhv rq wkh srolf| vsdfh ehlqj rqh0glphqvlrqdo1 Li
wkh srolf| vsdfh kdv wzr ru pruh glphqvlrqv/ sureohpv dnlq wr wkrvh ri dssolfdwlrqv ri wkh phgldq yrwhu
wkhruhp lq pxowlsoh glphqvlrqv dulvh/ vlqfh wkh srolwlfldq/ xvlqj shuvrqdol}hg wudqvihuv/ fdq h￿hfwlyho|
slw wkh yrwhuv djdlqvw hdfk rwkhu/ ohdylqj wkh yrwhuv zlwk qr ru yhu| olwwoh frqwuro ri wkh srolwlfldq
+vhh Ihuhmrkq/ 4<;9,1 Hpslulfdo uhvhdufk/ krzhyhu/ vxjjhvwv wkdw shrsoh yrwh rq wkh edvlv ri djjuhjdwh
yduldeohv +wkh vwdwh ri wkh hfrqrp|/ vd|, udwkhu wkdq sxuh ￿srfnhwerrn￿ frqvlghudwlrqv1 Vhh Ohzlv0Ehfn
+4<;;,1
44Qrwh wkdw djjuhjdwh wd{ uhyhqxh  lv xvhg lqwhufkdqjhdeo| zlwk yrwhu *v suhihuuhg wd{
udwh ￿( wklv lv srvvleoh gxh wr wkh frqyhqlhqw qrupdol}dwlrq ri yrwhuv wr dq lqwhuydo ri
vl}h rqh1 Yrwhu  fkrrvhv ￿ wr pd{lpl}h xwlolw| lq d vwdwlrqdu| htxloleulxp1 Wkh uvw
rughu frqglwlrq lv
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Wkh lqwhusuhwdwlrq ri wklv lv frpsohwho| vwdqgdug= dw dq rswlpxp/ wkh pdujlqdo xwlolw|
ri sxeolf jrrgv pxvw htxdo wkh pdujlqdo xwlolw| ri sulydwh jrrgv1 Yrwhuv glhu lq wkhlu
ylhz ri wkh rswlpdo udwlr ri sulydwh wr sxeolf jrrgv rqo| wkurxjk >￿ Vroylqj iru  zh
qg
 ' U  

B E  1 E.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E n *?2o

 +;,
zkhuh   EM￿
3￿ 
517 Frpsdudwlyh vwdwlfv
Yrwhuv glhu lq wkhlu suhihuhqfhv iru sxeolf jrrgv1 Dv qrwhg lq wkh lqwurgxfwlrq/ zh
dvvxph wkdw wklv frq lfw lv uhvroyhg e| pdmrulw| yrwlqj1 Yrwhu suhihuhqfhv duh rughuhg
lq > dqg/ wkhuhiruh/ wkh yrwhu zlwk wkh phgldq > lv ghflvlyh/ dqg wkh phgldq yrwhu*v
suhihuuhg wd{ udwh 6 zloo eh lpsohphqwhg lq htxloleulxp149 Wkh frpsdudwlyh vwdwlfv ri
 fdq eh vxppdul}hg dv iroorzv=
Sursrvlwlrq 4 Wkh dprxqw  wkdw d yrwhu zlvkhv wr lqyhvw lq wkh sxeolf vhfwru lqfuhdvhv
dv +l, > ghfuhdvhv> +ll, B lqfuhdvhv> dqg +lll, . lqfuhdvhv1
Qrw vxusulvlqjo|/ ohvv zhljkw sxw rq sulydwh jrrgv frqvxpswlrq lq wkh xwlolw| ixqf0
wlrq lqfuhdvhv wkh ghpdqg iru sxeolf jrrgv uhodwlyh wr sulydwh jrrgv1 Ixuwkhu/ dv wkh
glvfrxqw idfwru B lqfuhdvhv +wkh srolwlfldq ehfrphv pruh sdwlhqw,/ ixwxuh ehqhwv iurp
r!fh lv ydoxhg kljkhu/ zklfk ghfuhdvhv uhqwv glyhuwhg lq wkh fxuuhqw shulrg wr lqfuhdvh
wkh olnholkrrg ri uhpdlqlqj lq r!fh1 Wklv lqfuhdvhv frqwuro ri wkh srolwlfldq dqg/ wkxv/
wkh zloolqjqhvv wr lqyhvw lq jryhuqphqw1 Ilqdoo|/ wkh juhdwhu lv hohfwrudo frqwhvwdwlrq
+wkh ghjuhh ri ghprfudf|,/ wkh juhdwhu lv wkh hohfwrudo wkuhdw dqg/ khqfh/ wkh frqwuro ri
srolwlfldqv1 Wklv/ lq wxuq/ ohdgv wr odujhu jryhuqphqw1
49Irupdoo|/ yrwhu suhihuhqfhv +9, duh vlqjoh furvvlqj lq ￿l= E| Wkhruhp 4 lq Jdqv dqg Vpduw +4<<9,/
wklv hqvxuhv wkdw wkh phgldq yrwhu p/ lpsolflwo| gh￿qhg e|
U ￿p
￿ gJ+￿,@4
5> lv d Frqgrufhw zlqqhu1
45Qrwh wkdw lw lv qrw qhfhvvdulo| wkh fdvh wkdw wkh sureohp kdv dq lqwhulru vroxwlrq +l1h1
cS:f1 Iurp wkh dvvxpswlrq rq wkh vkdsh ri wkh M ixqfwlrq/ yrwhuv zloo dozd|v zdqw
wr frqvxph sulydwh jrrgv1 Krzhyhu/ wkh| zloo qrw dozd|v zdqw wr frqvxph sxeolf jrrgv1
Rqo| li
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wkdw lv/ li wkh pdujlqdo xwlolw| ri sxeolf jrrgv lv juhdwhu wkdq wkh pdujlqdo xwlolw| ri
sulydwh jrrgv dw S ' Uc zloo yrwhu  zlvk wr frqvxph d srvlwlyh dprxqw ri sxeolf jrrgv1
Rqo| li Eb lv vdwlvhg iru >￿ ' >6 zloo wkh sxeolf jrrg eh surylghg dw doo1
Ihuhmrkq +4<<<, prghov wudqvsduhqf| dv wkh dffxudf| +wkh yduldqfh, ri d vljqdo ri
wkh dfwlrq wdnhq e| wkh srolwlfldq/ dqg qgv/ lq d prgho forvho| uhodwhg wr wkh rqh sxw
iruzdug khuh/ wkdw lqfuhdvlqj sxeolf vhfwru wudqvsduhqf| lqfuhdvhv wkh vl}h ri wkh sxeolf
vhfwru/ djdlq e| lqfuhdvlqj frqwuro ri wkh srolwlfdo djhqw1 Wdnhq wrjhwkhu/ wkh k|srwkhvlv
wr eh whvwhg hpslulfdoo| lv wkdw kljkhu srolwlfdo dffrxqwdelolw|/ lqwhusuhwhg dv wkh ghjuhh
ri srolwlfdo frqwhvwdelolw| dqg wudqvsduhqf|/ lqfuhdvhv wkh vl}h ri wkh sxeolf vhfwru lq
ghprfudflhv1
6 Wkh Hfrqrphwulf Prgho
Wklv vhfwlrq vhwv xs d furvv0frxqwu| hfrqrphwulf prgho wr whvw wkh k|srwkhvlv ri Sursrvl0
wlrq 4= Lq ghprfudflhv/ juhdwhu srolwlfdo dffrxqwdelolw| lqfuhdvhv wkh vl}h ri jryhuqphqw1
614 Vshflfdwlrq/ Lghqwlfdwlrq/ dqg Hvwlpdwlrq
Wkh uhodwlrqvkls ehwzhhq wkh vl}h ri jryhuqphqw dqg srolwlfdo dffrxqwdelolw| lv jlyhq e|
7U~.CT ' k7 n q7  un 7f7 n 0c +43,
zkhuh u lv d phdvxuh ri srolwlfdo dffrxqwdelolw| dqg f7 ghqrwhv rwkhu/ h{rjhqrxv
yduldeohv dhfwlqj wkh vl}h ri jryhuqphqw +vhh ehorz,1
Wkhuh duh wzr uhdvrqv zk| d vlpsoh ROV vshflfdwlrq frxog eh lqdssursuldwh lq wklv
fdvh1 Iluvw/ wkhuh lv wkh sureohp ri phdvxuhphqw huuru= dv zloo ehfrph fohdu ehorz/
wkh lqgh{ phdvxulqj dffrxqwdelolw| lv d frpsrvlwh ri vhyhudo jhqhudo dqg h{shuw rslqlrq
v x u y h | v 1E r w kv x u y h | vl qw k h p v h o y h vd vz h o od vw k hd j j u h j d w l r qs u r f h g x u hj l y hu l v hw rl p 0
suhflvlrq lq wkh lqghshqghqw yduldeoh> ohwwlqj uW eh wkh revhuyhg phdvxuh ri srolwlfdo
46dffrxqwdelolw|c zkdw zh revhuyh lv
u
W ' un  +44,
zkhuh  lv d udqgrp phdvxuhphqw huuru1 Lw lv zhoo nqrzq wkdw phdvxuhphqw huuruv lq
dq lqghshqghqw yduldeoh ohdg wr dwwhqxdwlrq eldv/ d grzqzdug eldv ri wkh ROV hvwlpdwh
ri wkdw yduldeoh1
Vhfrqg/ wkhuh frxog eh d sureohp ri hqgrjhqhlw| ru ihhg0edfn1 Lq wkh wkhru| rxwolqhg
deryh/ wkh fdxvdo phfkdqlvp lv iurp dffrxqwdelolw| wr wkh vl}h ri jryhuqphqw1 Li wkhuh lv
d ihhg0edfn hhfw iurp wkh vl}h ri jryhuqphqw wr dffrxqwdelolw|/ krzhyhu/ ROV hvwlpdwhv
zloo eh lqfrqvlvwhqw +wkh vlpxowdqhrxv0htxdwlrqv eldv,1 Vxfk d ihhg0edfn frxog/ shufhly0
deo|/ eh erwk srvlwlyh dqg qhjdwlyh1 Li wkh jryhuqphqw vxgghqo| h{sdqgv lwv prgh ri
rshudwlrq wr lvvxhv lw kdg qrw lq xhqfhg ehiruh/ d ghpdqg iru juhdwhu hohfwrudo frqwuro
frxog dulvh14: Rq wkh rwkhu kdqg/ dq lqfuhdvh lq wkh yroxph ri jryhuqphqw rshudwlrqv
wr qhz lvvxhv frxog lq lwvhoi ghfuhdvh dffrxqwdelolw|/ dv wkh glphqvlrq ri wkh lvvxh vsdfh
zrxog lqfuhdvh +fi1 irrwqrwh 48,1 Lq wkh fdvh ri hqgrjhqhlw|/ wkh prgho Ef dqg E
pxvw eh h{whqghg zlwk
u' k￿ n q￿  7U~.CT n ￿f￿ n e +45,
Lq dgglwlrq wr wkh vl}h ri jryhuqphqw/ rwkhu idfwruv dhfw srolwlfdo dffrxqwdelolw| dv zhoo>
wkhvh duh fdswxuhg lq f￿c dqg zloo eh glvfxvvhg ehorz1
Xvlqj Ef dqg E wrjhwkhu/ zh rewdlq
7U~.CT ' k7 n q7  u
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zklfk wrjhwkhu zlwk E2 frqvwlwxwhv wkh hfrqrphwulf prgho1
Wklv vlpxowdqhrxv htxdwlrqv prgho lv lghqwlhg e| dvvxplqj wkdw wkh frpsrvlwh huuru
whup D lq E lv xqfruuhodwhg zlwk wkh rwkhu ghwhuplqdqwv ri srolwlfdo dffrxqwdelolw|
fdswxuhg lq f￿c l1h1 wkdw . df￿  0o'. df￿  o'f  Xqghu wklv dvvxpswlrq/ zklfk
zloo eh whvwhg/ dq| vxevhw ri f￿ fdq eh xvhg dv lqvwuxphqwv iru wkh wuxh dffrxqwdelolw|
phdvxuh uzkhq hvwlpdwlqj E Wkh lghqwli|lqj dvvxpswlrq lpsrvhv wkh uhvwulfwlrq
wkdw wkh vxevhw ri f￿ xvhg dv lqvwuxphqwv grhv qrw dhfw wkh vl}h ri jryhuqphqw gluhfwo|/
4:Iru h{dpsoh/ lw kdv ehhq fodlphg wkdw wkh udwl￿fdwlrq ri wkh Pddvwulfkw Wuhdw| ri wkh Hxurshdq
Xqlrq/ zklfk lqfuhdvhg wkh srzhu ri wkh Hxurshdq Frpplvvlrq +wkh h{hfxwlyh eudqfk ri wkh HX, vlj0
ql￿fdqwo|/ uhvxowhg lq d ￿ghprfudwlf gh￿flw￿ dv wkh Frpplvvlrq lv rqo| yhu| lqgluhfwo| dffrxqwdeoh wr
flwl}hqv ri wkh HX1 Vhh/ h1j1/ Ihdwkhuvwrqh +4<<7,1
47exw rqo| wkurxjk lwv hhfw rq srolwlfdo dffrxqwdelolw| E. df￿  0o'f  / dqg wkdw wkh
lqvwuxphqwv duh xqfruuhodwhg zlwk wkh phdvxuhphqw huuru E. df￿  o'f  1 Wklv zloo eh
wdnhq xs lq wkh glvfxvvlrq ri wkh lqvwuxphqwv ehorz1
Wkh v|vwhp lv wkhq hvwlpdwhg e| wzr0vwdjh ohdvw vtxduhv/ fruuhfwlqj iru khwhurvfhgdv0
wlflw| lq wkh huuruv14; Wkh lghqwli|lqj dvvxpswlrq lv whvwhg e| d vshflfdwlrq whvw iru
ryhulghqwli|lqj uhvwulfwlrqv1
615 Frqwurov
Wkh djhqf| prgho vhw xs lq wkh suhylrxv vhfwlrq lv d yhu| eduh0erqhv rqh1 Hvwlpdwlqj
wkh prgho frqwuroolqj rqo| iru yduldeohv lqfoxghg lq wkh wkhruhwlfdo prgho zrxog lpso|
h{foxglqj d qxpehu ri rwkhu idfwruv rxwvlgh wkh prgho wkdw srwhqwldoo| lq xhqfh wkh vl}h
ri jryhuqphqw1 Wkhuhiruh/ zkhq hvwlpdwlqj wkh prgho/ d qxpehu ri yduldeohv vxjjhvwhg
lq wkh olwhudwxuh lv lqfoxghg= Rshqqhvv ri wkh hfrqrp| +Fdphurq/ 4<:;/ dqg Urguln/
4<<;,/ srsxodwlrq vl}h +Dohvlqd dqg Zdf}lduj/ 4<<;,/ wkh ghshqghqf| udwlr wr frqwuro iru
ghprjudsklf vwuxfwxuh +Urguln/ 4<<;,/ dqg wkh ghjuhh ri xuedql}dwlrq +h1j1 Rdwhv/ 4<;8/
dqg Qruwk/ 4<;8,1
616 Lqvwuxphqwv
Wkh uhtxluhphqw iru wkh lqvwuxphqwv duh wkdw wkh| duh +l, fruuhodwhg zlwk wkh phd0
vxuh ri srolwlfdo dffrxqwdelolw|/ dqg +ll, xqfruuhodwhg zlwk wkh glvwxuedqfh whup D Wkh
lqvwuxphqwv xvhg duh +4, glvwdqfh iurp wkh htxdwru/ +5, d phdvxuh ri hwkqrolqjxlvwlf
iudfwlrqdol}dwlrq/ dqg +6, d elqdu| yduldeoh iru suhvlghqwldo dv rssrvhg wr sduoldphqwdu|
srolwlfdo v|vwhpv1
Wkhvh lqvwuxphqwv duh fruuhodwhg zlwk srolwlfdo dffrxqwdelolw|1 Dv dujxhg e| Kdoo dqg
Mrqhv +4<<<,/ Zhvwhuq Hxurshdq lq xhqfh lv fruuhodwhg zlwk glvwdqfh iurp wkh htxdwru=
Zhvwhuq Hxurshdq frorql}dwlrq zdv olnho| wr wdnh sodfh lq vsduvho| srsxodwhg uhjlrqv
dqg lq uhjlrqv zkhuh wkh folpdwh zdv vlplodu wr wkdw ri Zhvwhuq Hxursh/ erwk ri zklfk
srlqwv wr uhjlrqv dzd| iurp wkh htxdwru1 Wkhuh vhhpv wr eh qr uhdvrq zk| glvwdqfh iurp
wkh htxdwru/ lq lwvhoi/ zrxog lq xhqfh wkh vl}h ri jryhuqphqw1
D phdvxuh ri hwkqrolqjxlvwlf iudfwlrqdol}dwlrq lv lqfoxghg dv d phdvxuh ri srsxodwlrq
khwhurjhqhlw|/ dv wkhuh lv vrph hylghqfh wkdw d pruh khwhurjhqrxv srsxodwlrq pdnhv lw
pruh gl!fxow wr vxvwdlq ghprfudf| +Eduur/ 4<<<> Hdvwhuo| dqg Ohylqh/ 4<<:,
4;Qrwh wkdw zh zloo qrw hvwlpdwh +45, ri wkh vwuxfwxudo prgho1
48Ilqdoo|/ wr wkh h{whqw wkdw wkh srolwlfdo v|vwhp +suhvlghqwldo ru sduoldphqwdu|, lq0
 xhqfhv wkh vl}h ri jryhuqphqw/ lw grhv vr wkurxjk lwv hhfw rq srolwlfdo dffrxqwdelolw|1
Dv glvfxvvhg lq wkh lqwurgxfwlrq/ Shuvvrq/ Urodqg dqg Wdehoolql +4<<:/ 5333, dujxh wkdw
suhvlghqwldo dqg sduoldphqwdu| uhjlphv glhu wkurxjk wkhlu hhfw rq srolwlfdo dffrxqw0
delolw|1 Lq dgglwlrq/ zkhq xvlqj vxemhfwlyh lqglfdwruv/ wkh ydulrxv dvvhvvphqwv pdgh
e| uhvsrqghqwv dqg h{shuwv duh pdgh zlwklq wkh frqwh{w ri wkh dfwxdo srolwlfdo vskhuh>
wkhuhiruh/ li srolwlfdo dffrxqwdelolw| lv lq xhqfhg e| wkh srolwlfdo v|vwhp/ wklv vkrxog eh
uh hfwhg lq wkh lqglfhv1
Wkh dujxphqwv deryh lpso| wkdw wkh lqvwuxphqwv lq xhqfh wkh vl}h ri jryhuqphqw
rqo| wkurxjk wkh hhfw rq srolwlfdo dffrxqwdelolw|1 Gxh wr wkh ryhulghqwli|lqj uhvwulfwlrqv
lq wkh prgho/ wklv k|srwkhvlv fdq eh whvwhg dqg/ lw wxuqv rxw/ fdqqrw eh uhmhfwhg1 Dv
wkh phdvxuhphqw huuruv duh wdnhq wr eh udqgrp/ wkh frpsrvlwh glvwxuedqfh whup D lv
wkhuhiruh xqfruuhodwhg zlwk wkh lqvwuxphqwv1
617 Gdwd
61714 Phdvxulqj dffrxqwdelolw|
Prvw dvshfwv ri srolwlfdo dffrxqwdelolw|/ lqfoxglqj wkh frqfhswv ri wudqvsduhqf| dqg hohf0
wrudo frqwhvwdelolw| frqvlghuhg lq wklv sdshu/ duh gl!fxow wr phdvxuh1 Srolwlfdo dffrxqw0
delolw| lv phdvxuhg e| dq lqgh{ ri srolwlfdo dffrxqwdelolw| dqg yrlfh/ frqvwuxfwhg e|
Ndxipdq hw do1 +4<<<d/4<<<e,1 Wklv lqgh{ lv frqvwuxfwhg e| frpelqlqj d qxpehu ri vxe0
mhfwlyh vxuyh|v ri frqfhswv forvho| uhodwhg wr srolwlfdo dffrxqwdelolw|1 Lw lv furvv0frxqwu|
rqo| dqg edvhg rq gdwd iru 4<<: dqg 4<<;1
Wkh frqvwuxfwlrq ri wkhlu lqgh{ lv jurxqghg lq wkh lghd wkdw dowkrxjk ydulrxv vxe0
mhfwlyh phdvxuhv ri dffrxqwdelolw| gr qrw irfxv rq wkh h{dfw vdph fkdudfwhulvwlfv ri wkh
srolwlfdo uhjlphv vxuyh|hg/ wkh| fdq eh vhhq dv uh hfwlqj yduldwlrqv lq dq xqghuo|lqj/
ixqgdphqwdo frqfhsw ri dffrxqwdelolw|1 Djjuhjdwlqj glhuhqw phdvxuhv lq wklv zd|/ xv0
lqj dq xqrevhuyhg frpsrqhqwv prgho/ doorzv iru +l, frqvwuxfwlqj d odujhu gdwd vhw dqg
+ll, dvvhvvlqj wkh suhflvlrq ri wkh ydulrxv phdvxuhv ri jryhuqdqfh14<
Wkh dffrxqwdelolw| lqgh{ fdswxuhv wzr ri wkh ixqgdphqwdo frqfhswv dgguhvvhg lq p|
prgho= hohfwrudo frqwhvwdwlrq dqg lqirupdwlrq wr wkh sxeolf1 Wkh vxemhfwlyh phdvxuhv
4<Ndxipdq hw do1 +4<<<e, dovr frqvwuxfw lqglfhv ri Srolwlfdo Lqvwdelolw| dqg Ylrohqfh> Jryhuqphqw
H￿hfwlyhqvv> Uhjxodwru| Exughq> Uxoh ri Odz> dqg Judiw1 Vhh Eroohq +4<;3/ 4<<6, iru d wkrurxjk
glvfxvvlrq ri vxfk prghov dqg wkhlu vwdwlvwlfdo surshuwlhv lq wkh frqwh{w ri srolwlfdo ghprfudf|1
49wkdw wkh lqgh{ lv frqvwuxfwhg iurp duh= Rughuo| srolwlfdo wudqvihuv/ Wudqvsduhqf| dqg
Idluqhvv ri wkh Ohjdo V|vwhp +Wkh Hfrqrplvw Lqwhooljhqfh Xqlw,> Flylo Olehuwlhv/ Srolwlfdo
Uljkwv/ Iuhh Suhvv +Iuhhgrp Krxvh,> Plolwdu| lq Srolwlfv/ Ghprfudwlf Dffrxqwdelolw|
+Srolwlfdo Ulvn Vhuylfhv,> dqg Lqirupdwlrq wr Exvlqhvv derxw Jryhuqphqw Srolflhv> Yrlfh
wr Exvlqhvv wr h{suhvv frqfhuqv derxw srolflhv +Zruog Ghyhorsphqw Uhsruw,1 Wkhvh
vxemhfwlyh phdvxuhv duh frqvwuxfwhg iurp sroov ri h{shuwv dqg vxuyh|v ri hqwuhsuhqhxuv
dqg flwl}hqv1 Wkh dffrxqwdelolw| phdvxuh lv qrupdol}hg vxfk wkdw/ iru wkh hqwluh vdpsoh/
lw fdq wdnh rq ydoxhv iurp 0518 wr 518/ lw kdv d phdq ri }hur dqg d vwdqgdug ghyldwlrq ri
rqh1
Wkuhh ri wkh frpsrqhqwv/ Iuhh Suhvv/ Lqirupdwlrq wr Exvlqhvv derxw Jryhuqphqw
Srolflhv/ dqg Yrlfh wr Exvlqhvv/ phdvxuh li dqg krz lqirupdwlrq derxw jryhuqphqw df0
wlrqv dqg srolflhv duh pdgh dydlodeoh wr wkh sxeolf153 Urvh0Dfnhupdq +4<<</ s1 495,
dujxhv wkdw ^w`kh sxeolf fdq eh dq lpsruwdqw fkhfn rq wkh duelwudu| h{huflvh ri srzhu
e| jryhuqphqw1 ^111` ^W`klv fkhfn fdq rshudwh rqo| li wkh jryhuqphqw surylghv lqirupdwlrq
rq lwv dfwlrqv1 Lqirupdwlrq zloo rqo| eh h!flhqw lq frqwuroolqj sxeolf r!fldov/ krzhyhu/
li lqglylgxdov ru wkh phgld lv deoh wr frqyh| wklv lqirupdwlrq wr wkh sxeolf zlwkrxw ihdu
ri uhsulvdo1 Wkxv/ d iuhh suhvv lv dq hvvhqwldo fkhfn/ ^111` ^d`qg li hohfwlrqv duh lpsruwdqw/
wkh phgld lv dovr fuxfldo1 +rs1flw1/ s1 499,1
Wkh frpsrqhqwv Rughuo| Srolwlfdo Wudqvihuv/ Flylo Olehuwlhv/ Srolwlfdo Uljkwv/ Plol0
wdu| lq Srolwlfv dqg Ghprfudwlf Dffrxqwdelolw| frqfhuq zkdw zh kdyh wulhg wr fdswxuh
lq wkh 1 sdudphwhu lq wkh prgho1 Ilqdoo|/ Wudqvsduhqf| dqg Idluqhvv lq wkh Ohjdo V|v0
whp lv lpsruwdqw iru hohfwrudo frqwuro ri srolwlfldqv dv d fruuxsw mxglfldu| lv frvwo| iru
ghprfudf| ehfdxvh lw fdqqrw fuhgleo| sod| wkh uroh ri zdwfkgrj rq frqvwlwxwlrqdo ydoxhv
ru prqlwru wkh krqhvw| ri wkh rwkhu eudqfkhv ri jryhuqphqw1 +rs1flw1/ s1 489,1
Wkh dgydqwdjh ri vxemhfwlyh phdvxuhv olnh wkhvh lv wzrirog= Iluvw/ dv qrwhg deryh/
remhfwlyh phdvxuhv iru hohfwrudo frqwhvwdelolw| dqg wudqvsduhqf| pd| eh gl!fxow/ li dw
doo srvvleoh/ wr rewdlq154 Vhfrqg/ hfrqrplf dqg srolwlfdo ghflvlrqv duh wdnhq edvhg rq
vxemhfwlyh rslqlrqv ri shrsoh lqyroyhg  dqg wkhvh rslqlrqv pd| glhu iurp remhfwlyh
phdvxuhv ri srolwlfdo dqg hfrqrplf lqvwlwxwlrqv/ dowkrxjk wkh| duh fhuwdlqo| iudphg e|
vxfk lqvwlwxwlrqv1 Wkh  ls vlgh lv wkdw vxemhfwlyh phdvxuhv/ e| ghqlwlrq/ idlo wr phhw
53Vhh Urvh0Dfnhupdq +4<<</ fkdswhu <, iru d glvfxvvlrq ri vxfk rshqqhvv lq jryhuqphqw dqg krz lw
khosv frqwuro srolwlfldqv1
54Vhh/ wkrxjk/ Ihuuhh dqg Vlqjk +4<<<, rq wkh frqvwuxfwlrq ri d +sdqho, lqgh{ ri h{hfxwlyh frqwhvwd0
elolw| iru Vxe0Vdkdudq frxqwulhv1
4:vwdqgdugv ri uhsurgxflelolw|/ dqg ixuwkhu duh lpsuhflvh/ gxh wr wkh sroolqj dqg vxuyh|
qdwxuh ri wkh gdwd1 Wkh odwwhu sureohp ri phdvxuhphqw huuruv lv dgguhvvhg ehorz xvlqj
dq lqvwuxphqwdo yduldeohv dssurdfk1
Wkh pdlq sureohp lq xvlqj wkh dffrxqwdelolw| lqgh{ lv wkdw vhyhudo glhuhqw hhfwv
zrun dv rqh/ dqg wkhuhiruh lw fdq eh gl!fxow wr glvhqwdqjoh h{dfwo| zkdw wkh lqgh{
lv phdvxulqj1 Wr dgguhvv wklv sureohp/ urexvwqhvv fkhfnv duh shuiruphg xvlqj vlqjoh
frpsrqhqwv ri wkh djjuhjdwh lqgh{1 Rq wkh rwkhu kdqg/ lw pd| eh wkh fdvh wkdw lw lv
h{dfwo| wkh lqwhudfwlrq ehwzhhq wudqvsduhqf| dqg srolwlfdo frpshwlwlrq wkdw lv hvvhqwldo=
H{dplqlqj wkh uroh ri phgld lq jryhuqphqw uhvsrqvlyhqhvv lq Lqgld/ Ehvoh| dqg Exujhvv
+5333/ s1 55, frqfoxgh wkdw wkhlu uhvxowv xqghuolqh wkh lpsruwdqfh ri phgld ghyhorsphqw
wr dq hhfwlyh ixqfwlrqlqj ghprfudf|1 Wkh irupdo lqvwlwxwlrqv ri srolwlfdo frpshwlwlrq
+vxfk dv rshq hohfwlrqv, duh qrw vx!flhqw wr gholyhu d uhvsrqvlyh jryhuqphqw xqohvv yrwhuv
kdyh wkh uhdo dxwkrulw| wr glvflsolqh srruo| ixqfwlrqlqj lqfxpehqwv1 Wklv uhtxluhv yrwhuv
wr kdyh wkh qhfhvvdu| lqirupdwlrq1
61715 Ghprfudwlf frxqwulhv
Wkh prgho lv ghyhorshg zlwklq wkh frqwh{w ri ghprfudwlf frxqwulhv1 Wr rshudwlrqdol}h
ghprfudf|/ wkh fodvvlfdwlrq vxjjhvwhg e| Iuhhgrp Krxvh lv xvhg1 Rq wkhlu vfdoh ri
srolwlfdo uljkwv dqg flylo olehuwlhv/ frxqwulhv duh dvvljqhg d ydoxh ehwzhhq 4 +wkh prvw
iuhh, dqg : +wkh prvw dxwkrulwduldq,> ixuwkhu/ Iuhhgrp Krxvh fodvvlhv frxqwulhv zlwk d
ydoxh juhdwhu wkdq 8 dv qrw iuhh1 Khqfh/ lq wkh suhvhqw vwxg| d frxqwu| lv fodvvlhg
dv ghprfudwlf li lq wkh shulrg 4<<304<<8 lw glg qrw wdnh rq d ydoxh juhdwhu wkdq 8
lq qhlwkhu wkh srolwlfdo uljkwv qru wkh flylo olehuwlhv lqgh{ dw dq| wlph1 Wkh vhohfwlrq ri
frxqwulhv iurp wkdw srro ri ghprfudwlf frxqwulhv zdv edvhg hqwluho| rq gdwd dydlodelolw|>
lq sduwlfxodu/ sxeolf qdqfh gdwd duh riwhq gl!fxow wr rewdlq1 Wklv surfhgxuh uhvxowv lq
dv d p s o hr i9 5g h p r f u d w l fu h j l p h v 1
61716 Wkh vl}h ri jryhuqphqw dqg rwkhu yduldeohv
Wkh vl}h ri jryhuqphqw lv ghqhg dv wd{ uhyhqxh ri doo ohyhov ri jryhuqphqw wr JGS lq
4<<8155 Wkh uhyhqxh gdwd lv iurp Jryhuqphqw Ilqdqfh Vwdwlvwlfv \hduerrn +4<<<,/ wkh
55Lq uhvxowv qrw uhsruwhg/ wkh vl}h ri jryhuqphqw zdv gh￿qhg dv jryhuqphqw h{shqglwxuhv dqg wudqvihuv
iru doo ohyhov ri jryhuqphqw1 Wklv gh￿qlwlrq h{foxghv fdslwdo h{shqglwxuh dqg lqwhuhvw sd|phqwv/ vr dv
wr ehwwhu fdswxuh fxuuhqw vshqglqj/ exw doo uhvxowv duh txdolwdwlyho| xqfkdqjhg1 Uhvxowv dydlodeoh xsrq
uhtxhvw1
4;prvw ghwdlohg vrxufh ri sxeolf qdqfh gdwd dydlodeoh iru d odujh qxpehu ri frxqwulhv1 D
sureohp zlwk wkhvh gdwd/ krzhyhu/ lv wkdw iru pdq| frxqwulhv uhjlrqdo dqg orfdo jryhuq0
phqw qdqfhv duh qrw uhsruwhg/ dqg gxh wr wkh suhvhqwdwlrq ri wkh gdwd lw lv qrw srvvleoh
wr vhh zkhwkhu wklv lv gxh wr wkh idfw wkdw wkh| duh ri lqvljqlfdqw vl}h +lq zklfk fdvh
wkh| duh qrw uhsruwhg,/ ru zkhwkhu wkh gdwd vlpso| grhv qrw h{lvw1
Wkh sureohp lv srwhqwldoo| vhulrxv dv wkh odfn ri uhsruwhg uhjlrqdo dqg orfdo jry0
huqphqw qdqfhv lv qrw hyhqo| vsuhdg dfurvv wkh vdpsoh exw frqfhqwudwhg dprqj wkh
frxqwulhv zlwk orz dffrxqwdelolw|1 Idlolqj wr wdnh lqwr dffrxqw orfdo jryhuqphqw qdqfhv
xqghuhvwlpdwhv wkh vl}h ri jryhuqphqw lq wkhvh frxqwulhv/ dqg frxog wkhuhiruh eldv wkh
uhvxowv lq idyru ri wkh k|srwkhvlv1
Wzr idfwruv/ krzhyhu/ plwljdwh wklv eldv1 Iluvw/ wkhuh lv d whqghqf| iru ohvv ghprfudwlf
uhjlphv wr eh pruh vfdoo| fhqwudol}hg +Pdqru/ 4<<<,> wklv vxjjhvwv wkdw ohdylqj rxw
uhjlrqdo dqg orfdo jryhuqphqw wd{ uhyhqxhv iru wkh ohvv dffrxqwdeoh uhjlphv pd| qrw
eh wkdw vhulrxv1 Vhfrqg/ wkh vl}h ri wkh lqirupdo vhfwru lv lqyhuvho| uhodwhg wr srolwlfdo
dffrxqwdelolw|1 Iulhgpdq/ Mrkqvrq/ Ndxipdq dqg ]rlgr0Oredwöq +5333, qg wkdw wkh
vl}h ri wkh lqirupdo vhfwru lv srvlwlyho| uhodwhg wr wkh ohyho ri fruuxswlrq lq d vdpsoh ri
9< frxqwulhv1 D vlpsoh uhjuhvvlrq ri Iulhgpdq hw do1*v phdvxuh ri wkh lqirupdo vhfwru rq
wkh lqgh{ ri srolwlfdo dffrxqwdelolw| uhyhdov d vljqlfdqw qhjdwlyh uhodwlrqvkls156 Wkxv/
dq hvwlpdwh ri wkh vl}h ri jryhuqphqw dv uhvrxufhv frqwuroohg e| wkh vwdwh uhodwlyh wr
hfrqrplf dfwlylw| zloo eh +pruh, ryhuhvwlpdwhg lq ohvv dffrxqwdeoh frxqwulhv1
Jlyhq wkh lqfrpsohwh qdwxuh ri wkh jhqhudo jryhuqphqw gdwd/ ehorz duh dovr suhvhqwhg
uhvxowv iru fhqwudo jryhuqphqw rqo|/ zklfk lv uhdglo| frpsdudeoh dfurvv frxqwulhv1 Dv zloo
eh fohdu/ wkh hpslulfdo uhvxowv duh xqfkdqjhg157
JGS shu fdslwd +4<<8, lv wdnhq dw SSS/ dqg rshqqhvv ri wkh hfrqrp| lv ghqhg
dv wkh yroxph ri wudgh wr JGS lq 4<<81 Wkh ghshqghqf| udwlr lv wkh srsxodwlrq
djhg 3047 dqg 98. wr wkh srsxodwlrq djhg 48097/ dqg wkh ghjuhh ri xuedql}dwlrq lv
ghqhg dv wkh iudfwlrq ri wkh srsxodwlrq olylqj lq xuedq duhdv1 Wkhvh yduldeohv duh iurp
56Wkh uhvxowlqj htxdwlrq lv





zlwk Q @7 8 >U 5 @ =76 +urexvw vwdqgdug huuruv lq sduhqwkhvhv,1
57Lq uhvxowv qrw uhsruwhg/ zh lpsxwhg wkh plvvlqj gdwd rq vl}h ri orfdo jryhuqphqwv e| phwkrgv ri
pxowlsoh lpsxwdwlrq/ xvlqj wkh surjudp Dphold +Krqdfnhu hw do1 +4<<<,,1 Wklv vwuhqjwkhqhg wkh uhvxowv
hyhq ixuwkhu1
4<Zruog Ghyhorsphqw Lqglfdwruv/ dv lv srsxodwlrq lq 4<<81 Gdwd rq odwlwxgh lv iurp wkh
Joredo Ghprjudsk| Surmhfw/ xvhg e| Kdoo dqg Mrqhv +4<<<,1 Wr phdvxuh hwkqrolqjxlvwlf
iudfwlrqdol}dwlrq/ L xvh dq dyhudjh ri yh lqglfhv ri olqjxlvwlf iudfwlrqdol}dwlrq +Od Sruwd
hw do1 4<<<,1 L xvh wklv dyhudjhg lqgh{/ udwkhu wkdq wkh frpprqo| xvhg HOI lqgh{ iru
uhdvrqv ri gdwd dydlodelolw|1 Ilqdoo|/ wkh fodvvlfdwlrq ri srolwlfdo uhjlphv lqwr suhvlghqwldo
dqg sduoldphqwdu| v|vwhpv lv edvhg rq Ehfn hw do1 +5333, dqg Odqh dqg Huvvrq +5333,1
Iru ixuwkhu lqirupdwlrq derxw wkh gdwd/ lqfoxglqj vrxufhv dqg ghvfulswlyh vwdwlvwlfv/ vhh
wkh dsshqgl{1
7U h v x o w v
714 Pdlq uhvxowv
Iljxuh 5 sorwv wkh vl}h ri jryhuqphqw djdlqvw wkh phdvxuh ri srolwlfdo dffrxqwdelolw| iru
wkh 95 frxqwulhv lq wkh vdpsoh1 Wkh vlpsoh fruuhodwlrq ehwzhhq wkh srolwlfdo dffrxqw0
delolw| lqgh{ dqg wkh vl}h ri jhqhudo jryhuqphqw lv 1:<1
		 Iljxuh 5 ::
Wdeoh 4 suhvhqwv wkh pdlq uhvxowv158 Lq wkh vlpsoh ROV fdvh zlwk qr rwkhu h{rjhqrxv
yduldeohv/ srolwlfdo dffrxqwdelolw| Eu kdv d frh!flhqw ri fH dqg lv vljqlfdqw dw
wkh 14 shufhqw ohyho +wkh |0vwdwlvwlf lv 431:;<,/ dqg h{sodlqv 96 shufhqw ri wkh yduldwlrq lq
wkh vl}h ri jryhuqphqw1 Urexvw vwdqgdug huuruv duh uhsruwhg lq sduhqwkhvhv1 Lqfoxglqj
+wkh orj ri, shu fdslwd lqfrph uU dv d frqwuro yduldeoh/ wkh ROV hvwlpdwh ri u
gursv wr 431633/ exw lv vwloo vljqlfdqw dw wkh 14 shufhqw ohyho1 uU kdv d srvlwlyh
frh!flhqw dqg lv vljqlfdqw doprvw dw wkh 4 shufhqw ohyho1
		 Wdeoh 4 ::
Wkh uhvxowv ri wkh wzr0vwdjh ohdvw vtxduhv +WVOV, uhjuhvvlrq duh dovr uhsruwhg lq wdeoh
41 WVOV |lhogv dq hvwlpdwhg frh!flhqw ri 4;1;;8/ lqfuhdvlqj wr 551<73 zkhq frqwuroolqj
iru shu fdslwd lqfrph1 Erwk duh hvwlpdwhg zlwk frqvlghudeoh suhflvlrq/ ehlqj vljqlfdqw
58Lq doo uhjuhvvlrqv/ wkh ghshqghqw yduldeoh lv wkh udwlr ri wd{ uhyhqxh wr JGS1 Dv wklv lv frqvwudlqhg
wr eh ehwzhhq }hur dqg rqh/ d pruh fruuhfw hfrqrphwulf vshfl￿fdwlrq zrxog hpsor| wkh orjlvwlf wudqv0
irupdwlrq orj+wd{2+40wd{,, dv xvhg e|/ h1j1/ Rdwhv +4<;8,1 Krzhyhu/ wkh vwdwlvwlfdo uhvxowv duh xqd￿hfwhg
e| wklv wudqvirupdwlrq/ vr wkh vwdqgdug irupxodwlrq kdv ehhq xvhg wr idflolwdwh lqwhusuhwdwlrq ri wkh
uhvxowv1 Uhvxowv dydlodeoh xsrq uhtxhvw1
53dw wkh 14 shufhqw ohyho1 Wkh frh!flhqw ri shu fdslwd lqfrph fkdqjhv vljq/ exw lv qrw
vljqlfdqw1 Wkhvh uhvxowv vxjjhvw wkdw zkhq wkh lqgh{ ri srolwlfdo dffrxqwdelolw| lqfuhdvhv
e| 4/ vd|/ iurp wkh ohyho ri Qlfdudjxd wr wkdw ri Juhhfh/ wkh vl}h ri wkh sxeolf vhfwru
uhodwlyh wr JGS lqfuhdvhv e| dssur{lpdwho| 53 shufhqwdjh srlqwv1 Zh vhh wkdw wkh
frh!flhqw ri u lv frqvlghudeo| odujhu zkhq hvwlpdwlqj e| WVOV> zkhq frqwurov duh
lqfoxghg/ lw pruh wkdq grxeohv1
Dovr uhsruwhg lq wdeoh 4 duh wkh 80whvw vwdwlvwlfv iurp wkh uvw vwdjh ri wkh wzr0vwdjh
ohdvw vtxduhv hvwlpdwlrq1 Pdq| vwdqgdug uhvxowv lq lqvwuxphqwdo yduldeohv uhjuhvvlrq uho|
rq wkh lqvwuxphqwv qrw ehlqj zhdn/ wkdw lv/ wkh sduwldo fruuhodwlrq ehwzhhq lqvwuxphqwv
dqg wkh lqfoxghg hqgrjhqrxv yduldeoh uvkrxog qrw eh wrr orz1 Dv d uxoh ri wkxpe/
Vwdljhu dqg Vwrfn +4<<:, vxjjhvw wkdw wkh 80vwdwlvwlf ri wkh uvw vwdjh uhjuhvvlrq vkrxog
eh juhdwhu wkdq 43 iru vwdqgdug uhvxowv wr dsso|> lq wkh wdeoh/ wkh 80vwdwlvwlf iurp wkh
uvw vwdjh uhjuhvvlrq lv 491;7/ vxjjhvwlqj wkdw wkh lqvwuxphqwv duh vx!flhqwo| vwurqj iru
wkh WVOV hvwlpdwhv wr eh uholdeoh1
Ilqdoo|/ wdeoh 4 uhsruwv iru hdfk ri wkh lqvwuxphqwdo yduldeohv uhjuhvvlrqv wkh R0ydoxh
dvvrfldwhg zlwk wkh whvw ri wkh qr ryhulghqwlfdwlrq k|srwkhvlv159 Dv dujxhg deryh/ wkh
hhfw ri wkh lqvwuxphqwv lv qrw gluhfwo| rq wkh vl}h ri jryhuqphqw/ exw udwkhu wkurxjk
srolwlfdo dffrxqwdelolw|1 Vlqfh wkh qxpehu ri lqvwuxphqwv +6, lv juhdwhu wkdq wkh qxpehu
ri hqgrjhqrxv yduldeohv +4,/ wkh htxdwlrq lv ryhulghqwlhg1 Li wkh whvw iru ryhulghqwlfd0
wlrq idlov/ rqh ru pruh ri wkh lqvwuxphqwv vkrxog eh lqfoxghg dv dq h{rjhqrxv yduldeoh
gluhfwo| lq wkh hvwlpdwhg htxdwlrq1 Dv wkh R0ydoxhv duh doo kljk/ wkh k|srwkhvlv ri qr
ryhulghqwlfdwlrq fdqqrw eh uhmhfwhg1
Rqh wklqj wr qrwh derxw wkh lqvwuxphqwdo yduldeohv uhjuhvvlrqv= wkh frh!flhqw ri
lqfrph lv qhjdwlyh +wkrxjk lqvljqlfdqw,/ dowkrxjk wkh vlpsoh fruuhodwlrq ehwzhhq lqfrph
shu fdslwd dqg wkh vl}h ri jhqhudo jryhuqphqw lv 19;1 Wklv pd| eh gxh wr pxowlfroolqhdulw|
+vhh ehorz,/ dv wkh fruuhodwlrq ehwzhhq lqfrph shu fdslwd dqg wkh srolwlfdo dffrxqwdelolw|
lqgh{ lv 1:31
		 Iljxuh 6 ::
Iljxuh 6 sorwv wkh vl}h ri fhqwudo/ udwkhu wkdq jhqhudo/ jryhuqphqw djdlqvw wkh srolwlfdo
dffrxqwdelolw| lqgh{1 Lq wkh glvfxvvlrq ri wkh gdwd deryh lw zdv phqwlrqhg wkdw iru
59Wklv lv fduulhg rxw xvlqj wkh surfhgxuh ri Kdxvpdq +4<;6/ s1 766,1 D pruh fruuhfw vshfl￿fdwlrq whvw
zrxog wdnh lqwr dffrxqw wkh suhvhqfh ri khwhurvfhgdvwlf huuruv/ xvlqj wkh JPP0phwkrgrorj| ri Kdqvhq
+4<;5,/ exw wkh vdpsoh vl}h idoov vrphzkdw vkruw ri JPP vwdqgdugv1 Hvwlpdwlrq dqg whvwlqj fduulhg
rxw xvlqj JPP |lhogv yhu| vlplodu txdqwlwdwlyh dqg txdolwdwlyh uhvxowv1 Uhvxowv dydlodeoh xsrq uhtxhvw1
54vrph frxqwulhv/ wkh phdvxuh ri wkh vl}h ri jryhuqphqw idlov wr lqfoxgh wd{ uhyhqxhv
iurp uhjlrqdo dqg orfdo jryhuqphqwv/ dqg/ wkhuhiruh/ d frpsdulvrq edvhg rqo| rq fhqwudo
jryhuqphqw h{shqglwxuhv frxog eh pruh dssursuldwh1 Wkh uljkw kdqg vlgh ri wdeoh 4
uhsruwv wkh hvwlpdwhv= Wkh txdolwdwlyh uhvxowv duh xqfkdqjhg1 Srolwlfdo dffrxqwdelolw| lv
vwloo vljqlfdqw dw wkh 14 shufhqw ohyho lq doo vshflfdwlrqv1
		 Iljxuh 7 ::
Wkh uhvxowv krog xs zkhq wkh ixoo vhw ri frqwurov lv lqfoxghg1 Iljxuh 7 vkrzv wkh
sduwldo uhjuhvvlrq sorw ri vl}h ri jhqhudo jryhuqphqw rq srolwlfdo dffrxqwdelolw|1 Hyhq
diwhu vhsdudwlqj rxw wkh ixoo vhw ri frqwurov/ d vwurqj srvlwlyh uhodwlrqvkls lv fohduo|
ylvleoh1 Wkh uhjuhvvlrq uhvxowv duh uhsruwhg lq wdeoh 51 Lq erwk wkh jhqhudo jryhuqphqw
dqg wkh fhqwudo jryhuqphqw fdvhv/ wkh frh!flhqw ri wkh srolwlfdo dffrxqwdelolw| lqgh{
uhpdlqv srvlwlyh dqg vwdwlvwlfdoo| vljqlfdqw dw wkh 14 shufhqw ohyho1
		 Wdeoh 5 ::
Djdlq/ qrwh wkdw wkh hvwlpdwhg frh!flhqw ri srolwlfdo dffrxqwdelolw| xvlqj WVOV lv
pruh wkdq wzlfh wkdw hvwlpdwhg xvlqj ROV1 Ixuwkhu/ wkh uhvxowv lq wdeoh 5 frqup wkh
qglqj e| Urguln +4<<;, wkdw pruh rshq frxqwulhv kdyh vljqlfdqwo| odujhu jryhuqphqwv1
Lq sduwlfxodu/ zkhq wkh ghshqghqw yduldeoh lv wkh vl}h ri fhqwudo jryhuqphqw  zklfk zdv
dovr Urguln*v remhfw ri dqdo|vlv  wkh frh!flhqw rq rshqqhvv lv vwdwlvwlfdoo| vljqlfdqw
dw wkh 14 shufhqw ohyho1 Wkh frh!flhqw rq lqfrph/ krzhyhu/ lv qrw vljqlfdqwo| glhuhqw
iurp }hur1 Srsxodwlrq vl}h dqg xuedql}dwlrq erwk hqwhu srvlwlyho|/ vljqlfdqw dw wkh
8 shufhqw ohyho/ zkloh wkh ghshqghqf| udwlr lv qhyhu vljqlfdqw1 Vxusulvlqjo|/ +wkh orj
ri, srsxodwlrq vl}h hqwhuv srvlwlyho|  wklv lv lq frqwudvw wr Dohvlqd dqg Zdf}lduj +4<<;,
zkhuh srsxodwlrq vl}h hqwhuv zlwk d qhjdwlyh vljq dqg lv vljqlfdqw lq prvw vshflfdwlrqv>
krzhyhu/ wkh srvlwlyh hhfw irxqg lq wklv sdshu pd| eh gxh wr d glhuhqw/ dqg vpdoohu/
vdpsoh1
Wkh sduwldo fruuhodwlrq sorw kdv wkh dgydqwdjh ri uhyhdolqj rxwolhuv lq wkh +srolwl0
fdo dffrxqwdelolw|/ vl}h ri jryhuqphqw,0vsdfh1 Vlqjdsruh/ dqg wr vrph ghjuhh Wxunh|/
fdq eh fkdudfwhul}hg dv rxwolhuv1 Uhprylqj Vlqjdsruh iurp wkh vdpsoh zhdnhqv wkh uh0
vxowv voljkwo| lq rqh fdvh/ zkloh uhprylqj hlwkhu Wxunh| ru erwk Vlqjdsruh dqg Wxunh|
vwuhqjkhqv wkh uhvxowv15:
5:Uhvxowv dydlodeoh xsrq uhtxhvw1
55715 Urexvwqhvv
Wr hqvxuh wkdw wkh uhvxowv uhsruwhg deryh duh urexvw/ d qxpehu ri glhuhqw vshflfdwlrqv
zhuh xvhg1 Iluvw/ wkh srolwlfdo dffrxqwdelolw| lqgh{ lv uhsodfhg zlwk wkh flylo olehuwlhv
dqg srolwlfdo uljkwv lqglfdwruv iurp Iuhhgrp Krxvh1 Wkhvh lqglfdwruv duh d sduw ri wkh
srolwlfdo dffrxqwdelolw| lqgh{/ dqg wkhuhiruh qhfhvvdulo| fruuhodwhg zlwk lw/ exw/ dv wkhvh
lqglfhv duh riwhq xvhg rq wkhlu rzq +vhh/ h1j1/ Eduur/ 4<<</ dqg Od Sruwd hw do1/ 4<<<,/
lw zrxog eh lqwhuhvwlqj wr vhh zkhwkhu wkh uhvxowv krog dovr lq wklv fdvh1 Wkh dyhudjh ri
hdfk lqgh{ ryhu wkh shulrg 4<<304<<8/ zklfk lv wkh shulrg lq zklfk wkh frxqwulhv vkrxog
eh ghprfudwlf wr eh lqfoxghg lq wkh vdpsoh/ lv xvhg1
Wkh uhvxowv ri wkh uhjuhvvlrqv duh vkrzq lq wdeoh 615; Wkh flylo olehuwlhv dyhudjh/
ubfbD/ lv vljqlfdqw dw wkh 14 dqg wkh 4 shufhqw ohyho lq wkh ROV dqg wkh WVOV fdvhv/
uhvshfwlyho|/ dqg wkh srolwlfdo uljkwv dyhudjh -bfbD lv vljqlfdqw dw wkh 4 shufhqw ohyho
lq erwk fdvhv/ lqfoxglqj wkh ixoo vhw ri frqwurov iru erwk jhqhudo jryhuqphqw dqg fhqwudo
jryhuqphqw wd{ uhyhqxh1 Wkh uvw vwdjh 80vwdwlvwlf lv vx!flhqw dqg wkh k|srwkhvlv ri qr
ryhulghqwlfdwlrq fdqqrw eh uhmhfwhg lq dq| ri wkh vshflfdwlrqv1
Dovr/ dv lv vwdqgdug lq hfrqrphwulf dqdo|vhv ri wkh vl}h ri jryhuqphqw/ shu fdslwd
l q f r p hk d ve h h qw u h d w h gd vd qh { r j h q r x vy d u l d e o h >k r z h y h u /q x p h u r x vv w x g l h vk d y h
lqyhvwljdwhg wkh hhfw ri srolwlfdo yduldeohv rq hfrqrplf jurzwk> lq idfw/ wkh srolwlfdo
dffrxqwdelolw| lqgh{ xvhg lq wklv dqdo|vlv zdv frqvwuxfwhg iru dq dqdo|vlv ri wkh lpsdfw ri
jryhuqdqfh rq hfrqrplf jurzwk/ dqg Ndxipdq hw do1 +4<<<e, qg wkdw wkh frh!flhqw rq
wkh srolwlfdo dffrxqwdelolw| lqgh{ lv srvlwlyh dqg vljqlfdqw zkhq lqyhvwljdwlqj glhuhqfhv
lq lqfrph ohyhov dfurvv 4:6 frxqwulhv1 Vlploduo|/ Kdoo dqg Mrqhv +4<<<, qg wkdw d phdvxuh
ri vrfldo lqiudvwuxfwxuh/ edvhg lq sduw rq Srolwlfdo Ulvn Vhuylfhv lqglfhv/ h{sodlqv furvv0
frxqwu| glhuhqfhv lq rxwsxw shu zrunhu yhu| zhoo1 Eduur +4<<<, lqyhvwljdwhv wkh uhyhuvh
fdxvdo h{sodqdwlrq/ zkhuh kljkhu lqfrph ohdgv wr pruh ghprfudf|1
Wdeoh 7 suhvhqwv WVOV hvwlpdwhv zkhq wkh ohyho ri lqfrph +uU lv lqfoxghg dv dq
hqgrjhqrxv yduldeoh/ lqvwuxphqwhg lq wkh vdph zd| dv u+wkh ROV hvwlpdwhv duh wkh
vdph dv wkrvh uhsruwhg lq wdeoh 5,1 Lq erwk wkh jhqhudo jryhuqphqw dqg wkh fhqwudo jry0
huqphqw fdvhv/ ulv vljqlfdqw dw wkh 14 shufhqw ohyho/ zkloh wkh frh!flhqw rq lqfrph
lv lqvljqlfdqw1 Lq erwk fdvhv rshqqhvv dqg wkh vl}h ri wkh srsxodwlrq hqwhu vljqlfdqwo|
zlwk d srvlwlyh vljq/ zkloh xuedql}dwlrq dqg wkh ghshqghqf| udwlr duh lqvljqlfdqw1
5;Qrwh wkdw wkh vljq rq wkh lqglfhv zdv uhyhuvhg/ vxfk wkdw lq wkh uhjuhvvlrq d kljkhu ydoxh ri FO<3<8
dqg SU<3<8 fruuhvsrqgv wr pruh flylo olehuwlhv dqg srolwlfdo uljkwv/ uhvshfwlyho|1
56Ilqdoo|/ wkh lvvxh ri pxowlfroolqhdulw| vkrxog eh dgguhvvhg1 Dv qrwhg deryh/ wkh
frh!flhqw rq lqfrph lv lqvljqlfdqw dqg lq wkh lqvwuxphqwdo yduldeohv uhjuhvvlrqv kdv wkh
zurqj vljq1 Wklv/ wrjhwkhu zlwk kljk dqg srvlwlyh sduwldo fruuhodwlrqv ehwzhhq lqfrph
dqg wkh vl}h ri jryhuqphqw +19;, dqg lqfrph dqg wkh ohyho ri srolwlfdo dffrxqwdelolw|
+1:3,/ lv d vxuh vljq ri wkh suhvhqfh ri pxowlfroolqhdulw| lq wkh gdwd1 H{foxglqj lqfrph
iurp wkh uhjuhvvlrqv grhv qrw fkdqjh qhlwkhu frh!flhqwv qru vljqlfdqfh ri wkh uhpdlqlqj
yduldeohv lqfoxglqj srolwlfdo dffrxqwdelolw|/ zkloh h{foxglqj srolwlfdo dffrxqwdelolw| pdnhv
wkh frh!flhqw rq lqfrph srvlwlyh dqg vljqlfdqw dw wkh 4 shu fhqw ohyho1
Ryhudoo/ wkh frh!flhqw rq srolwlfdo dffrxqwdelolw| lv vljqlfdqw dw ohdvw dw wkh 4 shu0
fhqw ohyho lq doo vshflfdwlrqv/ lv urexvw wr lqfoxglqj d qxpehu ri frqwurov/ phdvxulqj
srolwlfdo dffrxqwdelolw| glhuhqwo|/ dqg wdnlqj dffrxqw iru wkh idfw wkdw lqfrph lv hq0
grjhqrxvo| ghwhuplqhg1
8 Frqfoxglqj uhpdunv
Wklv sdshu kdv lqyhvwljdwhg wkh hhfw ri srolwlfdo dffrxqwdelolw| rq wkh vl}h ri jryhuqphqw
lq d ghprfudf|1 Lq d sulqflsdo0djhqw prgho ri jryhuqphqw lw zdv vkrzq wkdw lqfuhdvhv
lq srolwlfdo dffrxqwdelolw|/ l1h1 lqfuhdvhv lq jryhuqphqw wudqvsduhqf| dqg wkh uhjlph*v
ghjuhh ri srolwlfdo ghprfudf|/ ohdgv wr lqfuhdvhv lq wkh vl}h ri jryhuqphqw1 Wklv/ shu0
kdsv vxusulvlqj/ fodlp zdv lqyhvwljdwhg hpslulfdoo| rq d furvv vhfwlrq ri 95 ghprfudwlf
frxqwulhv xvlqj d uhfhqw lqgh{ ri srolwlfdo dffrxqwdelolw|/ dqg zdv irxqg wr kdyh vwurqj
dqg urexvw vxssruw lq wkh gdwd1
Zkloh wkh hpslulfdo uhvxowv duh lqghhg surplvlqj  wkh srolwlfdo dffrxqwdelolw| lqgh{ lv
vljqlfdqw dw wkh 14 shufhqw ohyho lq doprvw doo vshflfdwlrqv  wkh| vkrxog eh lqwhusuhwhg
zlwk vrph fdxwlrq1 Dv glvfxvvhg lq wkh ghvfulswlrq ri wkh gdwd/ wkh ydulrxv phdvxuhv ri
srolwlfdo dffrxqwdelolw| wkdw xqghuolhv wkh frpsrvlwh lqgh{ duh vxemhfwlyh/ dqg wkhuhiruh
idlo wr phhw vwdqgdugv ri uhsurgxflelolw|1 Ixuwkhu/ wkh djjuhjdwlrq surfhgxuh pdnhv lw
gl!fxow wr glvhqwdqjoh hpslulfdoo| vshflf hhfwv ri srolwlfdo dffrxqwdelolw|> krzhyhu/
wkh lghd ehklqg wkh frqvwuxfwlrq ri wkh lqgh{ zdv wkdw wkh phdvxuhv lqfoxghg duh lq idfw
glhuhqw uhdol}dwlrqv ri wkh vdph xqghuo|lqj frqfhsw ri srolwlfdo dffrxqwdelolw|1
Wkhvh sureohpv qrwzlwkvwdqglqj/ zh wklqn wkdw wkh lqirupdwlrqdo frqwhqw ri wkhvh
vxemhfwlyh lqglfhv/ edvhg rq uhsruwv e| djhqwv zlwklq wkh hfrqrplf dqg srolwlfdo hqylurq0
phqwv/ lv qrq0qhjoljleoh1 Ixwxuh zrun vkrxog orrn dw dowhuqdwlyh phdvxuhv ri wudqvsduhqf|
57dqg hohfwrudo frqwhvwdelolw| lq pruh ghwdlo/ dqg h{dplqh wkhlu lpsdfw rq vfdo rxwfrphv1
Dorqj wkhvh olqhv/ Dow/ Odvvhq dqg Vnloolqj +5333, lqyhvwljdwh wkh wudqvsduhqf| ri vwdwh
jryhuqphqw exgjhw surfhvvhv lq wkh XV1
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Lqvhuwlqj wklv h{suhvvlrq lqwr wkh xwlolw| ixqfwlrq gluhfwo| |lhogv ES lq wkh wh{w/ dqg iurp
wklv vwudljkwiruzdug pd{lpl}dwlrq |lhogv htxdwlrqv E. dqg EH lq wkh wh{w1
59D14 Uhvxow 4
Lq wkh fdvh ri v|pphwulf lqirupdwlrq/ yrwhuv nqrz wkh xwlolw| ri wkh srolwlfldq/ T ￿ Khqfh/
wkh srolwlfldq pxvw eh doorzhg wr glyhuw uhqwv or vxfk wkdw
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zklfk/ uhduudqjlqj/ jlyhv Uhvxow 41
D15 Sursrvlwlrq 4
Wkh frpsdudwlyh vwdwlfv ri wklv h{suhvvlrq iroorzv gluhfwo| iurp EH lq wkh wh{w/ qrwlqj
wkdw ￿ 	 f vlqfh M lv vwulfwo| frqfdyh/ wkdw *45<f E5'4 dqg wkdw
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Wkh vljq lq wkh odvw htxdwlrq lv ghwhuplqhg e| revhuylqj wkdw wkh qxphudwru zlwklq wkh
eudfnhwv lv qhjdwlyh dv B	 Uhodwlqj wkh odvw htxdwlrq wr wkh xqghuo|lqj hohfwrudo
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5<Wkh vtxduhg sduhqwkhvlv reylrxvo| lv prqrwrqlfdoo| lqfuhdvlqj lq ￿1D w￿ @4 > wkh zkroh h{suhvvlrq
ehfrphv 7 ￿ 7￿A3 dv ￿?4=
5:EG d w d
Wr hqvxuh wkdw 4<<8 lv qrw dq h{fhswlrqdo |hdu uhjduglqj sxeolf qdqfhv/ rqh frxog kdyh
wdnhq dyhudjhv ri vhyhudo |hduv1 Krzhyhu/ lq wkh ghprfudwlf uhjlphv irfxvhg rq khuh/
wd{ uhyhqxhv wr JGS duh uhodwlyho| vwdeoh1 Ixuwkhu/ dyhudjlqj ryhu frxqwulhv lq wkh
4<<3v zrxog eh gl!fxow gxh wr d zdyh ri vwdqgdugl}dwlrq ri qdwlrqdo dffrxqwv wkdw
kdv fuhdwhg vwuxfwxudo euhdnv lq wkh wlph vhulhv ri pdq| frxqwulhv1 Doo jxuhv/ h{fhsw
zkhuh qrwhg/ duh iru 4<<81 Wkh glvfuhsdqf| ehwzhhq wkh gdwlqj ri sxeolf qdqfh gdwd
dqg dffrxqwdelolw| gdwd lv hqwluho| gxh wr gdwd dydlodelolw|1 Dovr/ wkh vhohfwlrq dprqj
ghprfudwlf frxqwulhv lv hqwluho| gxh wr gdwd dydlodelolw|1 Plvvlqj gdwd h{foxghv/ h1j1/
Krqgxudv/ Mdpdlfd dqg SQJ1
 Frxqwulhv lqfoxghg duh= Dujhqwlqd/ Dxvwudold/ Dxvwuld/ Ehojlxp/ Exojduld/ Ehol}h/
Erolyld/ Eud}lo/@ Erwvzdqd/ Fdqdgd/@ Vzlw}huodqg/ Fkloh/ Frorpeld/@ Frvwd Ulfd/
Ghqpdun/ Jhupdq|/ Grplqlfdq Uhsxeolf/ Hfxdgru/@ Vsdlq/ Ilqodqg/ Iudqfh/ Juhdw
Eulwdlq/ Juhhfh/ Jxdwhpdod/ Kxqjdu|/ Lqgld/ Luhodqg/ Lfhodqg/K Lvudho/ Lwdo|/ Mrugdq/
Mdsdq/K Vrxwk Nruhd/ Vul Odqnd/ Ox{hperxuj/ Pdgdjdvfdu/ Ph{lfr/ Pdowd/ Prq0
jrold/ Pdxulwlxv/ Pdod|vld/ Qlfdudjxd/ Qhwkhuodqgv/ Qruzd|/ Qhsdo/ Qhz ]hdodqg/
Sdnlvwdq/ Sdqdpd/ Sklolsslqhv/ Srodqg/ Sruwxjdo/ Sdudjxd|K/V l q j d s r u h /H oV d o 0
ydgru/ Vzhghq/ Wkdlodqg/ Wulqlgdg dqg Wredjr/Wxunh|/ Xuxjxd|/ Xqlwhg Vwdwhv/
Yhqh}xhod/ Vrxwk Diulfd1 +Vxshuvfulswv @ dqg K lqglfdwh wkdw gdwd duh iurp 4<<7
dqg 4<<6/ uhvshfwlyho|,1
 Vrxufhv ri wkh djjuhjdwh srolwlfdo dffrxqwdelolw| lqgh{ +vrxufh= Ndxipdqq hw do1
4<<<d/ 4<<<e,=
41 Rughuo| Srolwlfdo Wudqvihuv +HLX,
51 Wudqvsduhqf| dqg idluqhvv ri wkh ohjdo v|vwhp +HLX,
61 Srolwlfdo uljkwv +IK,
71 Flylo olehuwlhv +IK,
81 Iuhhgrp ri wkh Suhvv +IK,
91 Plolwdu| lq Srolwlfv +SUV,
:1 Ghprfudwlf Dffrxqwdelolw| +SUV,
5;;1 Lqirupdwlrq wr Exvlqhvv derxw Jryhuqphqw Srolflhv +ZGU,
<1 Yrlfh wr Exvlqhvv wr h{suhvv frqfhuqv derxw srolflhv +ZGU,
+HLX= Hfrqrplvw Lqwhooljhqfh Xqlw> IK= Iuhhgrp Krxvh> SUV= Srolwlfdo Ulvn Vhuylfhv>
ZGU= Zruog Ghyhorsphqw Uhsruw,1
Yduldeoh Ghvfulswlrq Vrxufh+v,
VL]HJRY
Wd{ uhyhqxh ri jhqhudo2fhqwudo jryhuqphqw wr JGS
dw pdunhw sulfhv
JIVW/ ZGLWW
OQLQF Orj ri lqfrph shu fdslwd +dw SSS lq lqwhuqdwlrqdo ’, ZGL
OQRSHQ Orj ri yroxph ri wudgh +lpsruwv . h{sruwv, wr JGS ZGL
ODW
Odwlwxgh ri wkh fhqwhu ri wkh frxqw| ru surylqfh
zlwk wkh odujhvw qxpehu ri shrsoh
Kdoo dqg Mrqhv +4<<<,WWW
HWKIU Ghjuhh ri hwkqrolqjxlvwlf iudfwlrqdol}dwlrq Od Sruwd hw do1 +4<<<,
SUHV Gxpp| @ 4 li suhvlghqwldo v|vwhp Ehfn hw do1 +5333,WWWW
FO<3<8 Dyhudjh ri Flylo Olehuwlhv lqgh{/ 4<<304<<8 zzz1iuhhgrpkrxvh1ruj
SU<3<8 Dyhudjh ri Srolwlfdo Uljkwv lqgh{/ 4<<304<<8 zzz1iuhhgrpkrxvh1ruj
XUEDQ
Iudfwlrq ri plg|hdu srsxodwlrq olylqj lq duhdv




@ +srsxodwlrq ? 48 dqg A 97, 2 +srsxodwlrq 48097,
ZGL
OQSRS<8 Orj ri srsxodwlrq ZGL
- Jryhuqphqw Ilqdqfh Vwdwlvwlfv \hduerrn +4<<<,1
-- Zruog Ghyhorsphqw Lqglfdwruv/ 4<:304<<81
--- Iurp wkh Joredo Ghprjudsk| Surmhfw dw Xqlyhuvlw| ri Fdoliruqld/ Vdqwd Eduedud/ xvhg e|
Kdoo dqg Mrqhv +4<<<,1 Qrupdol}hg wr ^3/4‘1
---- Edvhg rq wkh fodvvl￿fdwlrq lq Ehfn hw do1 +5333,1
5<Uhihuhqfhv
Dohvlqd/ Doehuwr dqg Urpdlq Zdf}lduj1 4<<;1 ￿Rshqqhvv/ Frxqwu| Vl}h dqg Jryhuqphqw1￿
Mrxuqdo ri Sxeolf Hfrqrplfv 9<=638￿6541
Dow/ Mdphv H1/ Gdylg Guh|hu Odvvhq dqg Gdylg Vnloolqj1 53331 ￿Exgjhw Wudqvsduhqf| dqg
Ilvfdo Shuirupdqfh= Hylghqfh iurp wkh Vwdwhv1￿1 lq suhsdudwlrq/ Kduydug Xqlyhuvlw|1
Edqnv/ Mh￿uh| V1 dqg Udqjdudmdq N1 Vxqgdudp1 4<<;1 ￿Rswlpdo Uhwhqwlrq lq Djhqf| Sure0
ohpv1￿ Mrxuqdo ri Hfrqrplf Wkhru| ;5=5<6￿6561
Eduur/ Urehuw M1 4<:61 ￿Wkh Frqwuro ri Srolwlfldqv= Dq Hfrqrplf Prgho1￿ Sxeolf Fkrlfh
47=4<￿751
Eduur/ Urehuw M1 4<<<1 ￿Ghwhuplqdqwv ri Ghprfudf|1￿ Mrxuqdo ri Srolwlfdo Hfrqrp| 43:=V48;￿
V4;61
Ehfn/ Wkruvwhq/ Jhrujh Fodunh/ Doehuwr Jur￿/ Sklols Nhhihu dqg Sdwulfn Zdovk1 53331 ￿Qhz
Wrrov dqg Qhz Whvwv lq Frpsdudwlyh Srolwlfdo Hfrqrp|= Wkh Gdwdedvh ri Srolwlfdo Lqvwl0
wxwlrqv1￿1 Zruog Edqn Zrunlqj Sdshu Qr1 55;6/ Iheuxdu|1
Ehfnhu/ Jdu| V1 dqg Fdvh| E1 Pxooljdq1 4<<;1 ￿Ghdgzhljkw Frvwv dqg wkh Vl}h ri Jryhuqphqw1￿1
QEHU Zrunlqj Sdshu 9:;</ Qryhpehu1
Ehvoh|/ Wlprwk| dqg Dqqh Fdvh1 4<<81 ￿Grhv Hohfwrudo Dffrxqwdelolw| D￿hfw Hfrqrplf Srolf|
FkrlfhvB Hylghqfh iurp Jxehuqdwruldo Whup Olplwv1￿ Txduwhuo| Mrxuqdo ri Hfrqrplfv
443=:9<￿:<;1
Ehvoh|/ Wlprwk| dqg Urelq Exujhvv1 53331 ￿Grhv Phgld Pdnh Jryhuqphqw Pruh UhvsrqvlyhB
Wkhru| dqg Hylghqfh iurp Lqgldq Idplqh Uholhi Srolf|1￿1 Pdqxvfulsw/ Orqgrq Vfkrro ri
Hfrqrplfv/ Dsulo1
Ehvoh|/ Wlprwk| dqg Vwhskhq Frdwh1 4<<:1 ￿Dq Hfrqrplf Prgho ri Uhsuhvhqwdwlyh Ghprf0
udf|1￿ Txduwhuo| Mrxuqdo ri Hfrqrplfv 445=;8￿4471
Ehvoh|/ Wlprwk| dqg Vwhskhq Frdwh1 53331 ￿Qrq0Pdmrulwduldq Srolf| Rxwfrphv dqg wkh Uroh
ri Flwl}hqv* Lqlwldwlyhv1￿1 Pdqxvfulsw/ Orqgrq Vfkrro ri Hfrqrplfv/ Pd|1
Eroohq/ Nhqqhwk1 4<;31 ￿Lvvxhv lq wkh Frpsdudwlyh Phdvxuhphqw ri Srolwlfdo Ghprfudf|1￿
Dphulfdq Vrflrorjlfdo Uhylhz 78=6:3￿6<31
Eroohq/ Nhqqhwk1 4<<61 ￿Olehudo Ghprfudf|= Ydolglw| dqg Phwkrg Idfwruv lq Furvv0Qdwlrqdo
Phdvxuhv1￿ Dphulfdq Mrxuqdo ri Srolwlfdo Vflhqfh 6:=453:￿45631
Fdphurq/ Gdylg U1 4<:;1 ￿Wkh H{sdqvlrq ri wkh Sxeolf Hfrqrp|= D Frpsdudwlyh Dqdo|vlv1￿
Dphulfdq Srolwlfdo Vflhqfh Uhylhz :5=4576￿45941
Fudlq/ Z1 Pdun1 4<::1 ￿Rq wkh Vwuxfwxuh dqg Vwdelolw| ri Srolwlfdo Pdunhwv1￿ Mrxuqdo ri
Srolwlfdo Hfrqrp| ;8+7,=;5<￿;751
Gdko/ Urehuw D1 4<:41 Sro|dufk|= Sduwlflsdwlrq dqg Rssrvlwlrq1 Qhz Kdyhq= \doh Xqlyhuvlw|
Suhvv1
63Gloorq/ Vdp dqg Mxold Suhvwrq1 53331 ￿Ph{lfr Sohgjhv d Fohdq Yrwh/ Exw wkh Rog Zd|v Glh
Kdug1￿ Qhz \run Wlphv Pd| <1
Gl{lw/ Dylqdvk1 4<<91 Wkh Pdnlqj ri Hfrqrplf Srolf|1 Fdpeulgjh= PLW Suhvv1
Hdvwhuo|/ Zlooldp dqg Urvv Ohylqh1 4<<:1 ￿Diulfd*v Jurzwk Wudjhg|= Srolflhv dqg Hwkqlf
Glylvlrqv1￿ Txduwhuo| Mrxuqdo ri Hfrqrplfv 445=4536￿45831
Hdvwhuo|/ Zlooldp dqg Vhujlr Uhehor1 4<<61 ￿Ilvfdo Srolf| dqg Hfrqrplf Jurzwk= Dq Hpslulfdo
Lqyhvwljdwlrq1￿ Mrxuqdo ri Prqhwdu| Hfrqrplfv 65=74:￿78;1
Ihdurq/ Mdphv G1 4<<<1 Hohfwrudo Dffrxqwdelolw| dqg wkh Frqwuro ri Srolwlfldqv= Vhohfwlqj
Jrrg W|shv yhuvxv Vdqfwlrqlqj Srru Shuirupdqfh1 Lq Ghprfudf|/ Dffrxqwdelolw|/ dqg
Uhsuhvhqwdwlrq/ hg1 Su}hzruvnl/ Vwrnhv dqg Pdqlq1 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw|
Suhvv ss1 88￿<:1
Ihdwkhuvwrqh/ Nhylq1 4<<71 ￿Mhdq Prqqhw dqg wkh Ghprfudwlf Gh￿flw lq wkh Hxurshdq Xqlrq1￿
Mrxuqdo ri Frpprq Pdunhw Vwxglhv 65=47<￿4:31
Ihuhmrkq/ Mrkq1 4<;91 ￿Lqfxpehqw Shuirupdqfh dqg Hohfwrudo Frqwuro1￿ Sxeolf Fkrlfh 83=8￿581
Ihuhmrkq/ Mrkq1 4<<31 Lqirupdwlrq dqg wkh Hohfwrudo Surfhvv1 Lq Lqirupdwlrq dqg Ghprfudwlf
Surfhvvhv/ hg1 Mrkq Ihuhmrkq dqg Mdphv Nxnolqvnl1 Xuedqd= Xqlyhuvlw| ri Loolqrlv Suhvv
ss1 4￿4<1
Ihuhmrkq/ Mrkq1 4<<<1 Dffrxqwdelolw| dqg Dxwkrulw|= Wrzdugv d Wkhru| ri Srolwlfdo Dffrxqw0
delolw|1 Lq Ghprfudf|/ Dffrxqwdelolw|/ dqg Uhsuhvhqwdwlrq/ hg1 Su}hzruvnl/ Vwrnhv dqg
Pdqlq1 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv ss1 464￿4861
Ihuuhh/ Nduhq H1 dqg Vplwd Vlqjk1 4<<<1 ￿Lqvwlwxwlrqdo Fkdqjh dqg Hfrqrplf Shuirupdqfh lq
Diulfd/ 4<:304<<81￿1 Pdqxvfulsw/ Kduydug Xqlyhuvlw|/ Rfwrehu1
Iulhgpdq/ Hulf/ Vlprq Mrkqvrq/ Gdqlho Ndxipdq dqg Sdeor ]rlgr0Oredw￿q1 53331 ￿Grgjlqj
wkh Judeelqj Kdqg= Wkh Ghwhuplqdqwv ri Xqr!fldo Dfwlylw| lq 9< Frxqwulhv1￿ Mrxuqdo ri
Sxeolf Hfrqrplfv :9=78<￿7<61
Jdqv/ Mrvkxd V1 dqg Plfkdho Vpduw1 4<<91 ￿Pdmrulw| Yrwlqj zlwk Vlqjoh0Furvvlqj Suhihuhqfhv1￿
Mrxuqdo ri Sxeolf Hfrqrplfv 8<=54<￿56:1
Jryhuqphqw Ilqdqfh Vwdwlvwlfv \hduerrn1 4<<<1 Zdvklqjwrq/ G1F1= Lqwhuqdwlrqdo Prqhwdu|
Ixqg1
Jurvvpdq/ Jhqh P1 dqg Hokdqdq Khospdq1 4<<71 ￿Surwhfwlrq iru Vdoh1￿ Dphulfdq Hfrqrplf
Uhylhz ;7=;66￿;831
Kdoo/ Urehuw H1 dqg Fkduohv L1 Mrqhv1 4<<<1 ￿Zk| Gr vrph Frxqwulhv Surgxfh vr Pxfk Pruh
Rxwsxw Shu Zrunhu Wkdq RwkhuvB￿ Txduwhuo| Mrxuqdo ri Hfrqrplfv 447=;6￿4491
Kdqvhq/ Oduv Shwhu1 4<;51 ￿Odujh Vdpsoh Surshuwlhv ri Jhqhudol}hg Phwkrg ri Prphqwv Hvwl0
pdwruv1￿ Hfrqrphwulfd 83=435<￿43871
64Kdxvpdq/ Mhuu| D1 4<;61 Vshfl￿fdwlrq dqg Hvwlpdwlrq ri Vlpxowdqhrxv Htxdwlrq Prghov1 Lq
Kdqgerrn ri Hfrqrphwulfv/ hg1 ]yl Julolfkhv dqg Plfkdho G1 Lqwuloljdwru1 Yro1 4 Dpvwhu0
gdp= Qruwk0Kroodqg ss1 6<4￿77;1
Krovh|/ Fkhu|o P1 dqg Wkrpdv H1 Erufkhuglqj1 4<<:1 Zk| Grhv Jryhuqphqw*v Vkduh ri Qd0
wlrqdo Lqfrph JurzB Dq Dvvhvvphqw ri wkh Uhfhqw Olwhudwxuh rq wkh X1V1 H{shulhqfh1 Lq
Shuvshfwlyhv rq Sxeolf Fkrlfh/ hg1 Ghqqlv F1 Pxhoohu1 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw|
Suhvv ss1 895￿8;<1
Krqdnhu/ Mdphv/ Dqqh Mrvhsk/ Jdu| Nlqj/ Nhqqhwk Vfkhyh dqg Qdxqlkdo Vlqjk1 4<<<1 Dphold=
D Surjudp iru Plvvlqj Gdwd1 kwws=22JNlqj1kduydug1hgx Fdpeulgjh/ PD= Kduydug Xql0
yhuvlw|1
Ndudwq|fn|/ Dguldq1 4<<91 Wkh Frpsdudwlyh Vxuyh| ri Iuhhgrp 4<<804<<91 Lq Iuhhgrp lq wkh
Zruog 4<<804<<91 Qhz \run= Iuhhgrp Krxvh ss1 6￿461
Ndxipdq/ Gdqlho/ Dduw Nudd| dqg Sdeor ]rlgr0Oredw￿q1 4<<<d1 ￿Djjuhjdwlqj Jryhuqdqfh
Lqglfdwruv1￿1 Zruog Edqn Glvfxvvlrq Sdshu Qr1 54<8/ Qryhpehu1
Ndxipdq/ Gdqlho/ Dduw Nudd| dqg Sdeor ]rlgr0Oredw￿q1 4<<<e1 ￿Jryhuqdqfh Pdwwhuv1￿1 Zruog
Edqn Glvfxvvlrq Sdshu Qr1 54<9/ Qryhpehu1
Odqh/ Mdq0Huln dqg Vydqwh Huvvrq1 53331 Wkh Qhz Lqvwlwxwlrqdo Srolwlfv= Shuirupdqfh dqg
Rxwfrphv1 Qhz \run= Urxwohgjh1
OdSruwd/ Udidho/ Ioruhqflr Orsh}0gh0Vlodqhv/ Dqguhl Vkohlihu dqg Urehuw Ylvkq|1 4<<<1 ￿Wkh
Txdolw| ri Jryhuqphqw1￿ Mrxuqdo ri Odz/ Hfrqrplfv dqg Rujdql}dwlrq 48=555￿5:<1
Odyhu/ Plfkdho dqg Nhqqhwk D1 Vkhsvoh1 4<<<1 Jryhuqphqw Dffrxqwdelolow| lq Sduoldphqwdu|
Ghprfudf|1 Lq Ghprfudf|/ Dffrxqwdelolw|/ dqg Uhsuhvhqwdwlrq/ hg1 Su}hzruvnl/ Vwrnhv dqg
Pdqlq1 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv ss1 5:<￿5<91
OhErujqh/ Hulf dqg Ehq Orfnzrrg1 53331 ￿Hqgrjhqrxv Fdqglgdwh Hqwu| lq Hohfwrudo Prghov
zlwk Dv|pphwulf Lqirupdwlrq1￿1 Pdqxvfulsw/ Xqlyhuvlw| ri Zduzlfn/ Qryhpehu1
Ohzlv0Ehfn/ Plfkdho V1 4<;;1 Hfrqrplfv dqg Hohfwlrqv1 Dqq Dueru= Xqlyhuvlw| ri Plfkljdq
Suhvv1
Olq}/ Mxdq M1 4<<71 Suhvlghqwldo ru Sduoldphqwdu| Ghprfudf|= Grhv Lw Pdnh d Gl￿huhqfhB Lq
Wkh Idloxuh ri Suhvlghqwldo Ghprfudf|1 Yro1 4= Frpsdudwlyh Shuvshfwlyhv/ hg1 Olq} dqg
Ydohq}xhod1 Edowlpruh= Mrkqv Krsnlqv Xqlyhuvlw| Suhvv ss1 6￿;:1
Pdqru/ Mdphv1 4<<<1 Wkh Srolwlfdo Hfrqrp| ri Ghprfudwlf Ghfhqwudol}dwlrq1 Zdvklqjwrq/
G1F1= Wkh Zruog Edqn1
Phow}hu/ Doodq K1 dqg Vfrww I1 Ulfkdug1 4<;41 ￿D Udwlrqdo Wkhru| ri wkh Vl}h ri Jryhuqphqw1￿
Mrxuqdo ri Srolwlfdo Hfrqrp| ;<=<47￿<5:1
Pxhoohu/ Ghqqlv F1 4<;<1 Sxeolf Fkrlfh LL1 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv1
Qruwk/ Grxjodvv F1 4<;81 ￿Wkh Jurzwk ri Jryhuqphqw= Dq Hfrqrplf Klvwruldq*v Shuvshfwlyh1￿
Mrxuqdo ri Sxeolf Hfrqrplfv 5;=6;6￿6<<1
65Rdwhv/ Zdoodfh H1 4<;81 ￿Vhdufklqj iru Ohyldwkdq= Dq Hpslulfdo Vwxg|1￿ Dphulfdq Hfrqrplf
Uhylhz :8=:7;￿:8:1
Show}pdq/ Vdp1 4<;31 ￿Wkh Jurzwk ri Jryhuqphqw1￿ Mrxuqdo ri Odz dqg Hfrqrplfv 56=53<￿
5;:1
Shuvvrq/ Wruvwhq/ J￿udug Urodqg dqg Jxlgr Wdehoolql1 4<<:1 ￿Vhsdudwlrq ri Srzhuv dqg Srolwlfdo
Dffrxqwdelolw|1￿ Txduwhuo| Mrxuqdo ri Hfrqrplfv 445=4496￿45351
Shuvvrq/ Wruvwhq/ J￿udug Urodqg dqg Jxlgr Wdehoolql1 53331 ￿Frpsdudwlyh Srolwlfv dqg Sxeolf
Ilqdqfh1￿ Mrxuqdo ri Srolwlfdo Hfrqrp| iruwkfrplqj1
Shuvvrq/ Wruvwhq dqg Jxlgr Wdehoolql1 4<<<1 ￿Wkh Vl}h dqg Vfrsh ri Jryhuqphqw= Frpsdudwlyh
Srolwlfv zlwk Udwlrqdo Srolwlfldqv1￿ Hxurshdq Hfrqrplf Uhylhz 76=9<<￿:681
Slwnlq/ Kdqqdk I1 4<9:1 Wkh Frqfhsw ri Uhsuhvhqwdwlrq1 Ehunhoh|= Xqlyhuvlw| ri Fdoliruqld
Suhvv1
Su}hzruvnl/ Dgdp dqg Ihuqdqgr Olprqjl1 4<<61 ￿Srolwlfdo Uhjlphv dqg Hfrqrplf Jurzwk1￿
Mrxuqdo ri Hfrqrplf Shuvshfwlyhv : +Vxpphu,=84￿9<1
Urguln/ Gdql1 4<<;1 ￿Zk| Gr Pruh Rshq Hfrqrplhv Kdyh Eljjhu JryhuqphqwvB￿ Mrxuqdo ri
Srolwlfdo Hfrqrp| 439=<<:￿43651
Urvh0Dfnhupdq/ Vxvdq1 4<<<1 Fruuxswlrq dqg Jryhuqphqw1 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw|
Suhvv1
Vwdljhu/ Grxjodv dqg Mdphv K1 Vwrfn1 4<<:1 ￿Lqvwuxphqwdo Yduldeohv Uhjuhvvlrq zlwk Zhdn
Lqvwuxphqwv1￿ Hfrqrphwulfd 98=88:￿8;91
Wxoorfn/ Jrugrq1 4<981 ￿Hqwu| Eduulhuv Lqwr Srolwlfv1￿ Dphulfdq Hfrqrplf Uhylhz 88=78;￿7991
Zruog Ghyhorsphqw Lqglfdwruv FG0URP/ 4<:804<<:1 4<<<1 Zdvklqjwrq/ G1F1= Zruog Edqn1














Figure 2: Political accountability and the size of general government
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Figure 3: Political accountability and the size of central government
POLACCT






































































Figure 4: Controlling for other variables
polacctc





50Wdeoh 4= Vl}h ri Jryhuqphqw dqg Srolwlfdo Dffrxqwdelolw|
 'S 2 CAf Af


























-2 196 199 184 187
8 +4vw VW, 491;7 491;7 491;7 491;7
R+RYHU, 1959 1;43 1<:6 1;83
Hvwlpdwhg xvlqj VWDWD 9131 D frqvwdqw whup +qrw uhsruwhg, zdv lqfoxghg lq doo uhjuhvvlrqv1
Urexvw vwdqgdug huuruv duh lq sduhqwkhvhv/ ---/ --/ - dqg ¢ ghqrwh vljql￿fdqfh dw wkh 14(/
4(/ 8( dqg 43 ( ohyhov/ uhvshfwlyho|1 8 +4vw VW, lv wkh 80vwdwlvwlf iurp wkh ￿uvw vwdjh ri
wkh WVOV uhjuhvvlrq1 R+RYHU, lv wkh R0ydoxh dvvrfldwhg zlwk wkh qxoo k|srwkhvlv ri ￿qr
ryhulghqwl￿fdwlrq￿1Wdeoh 5= Vl}h ri Jryhuqphqw dqg Srolwlfdo Dffrxqwdelolw|/ lqfo1 frqwurov
 'S 2 CAf Af






















































8 +4vw VW, 4914: 4914:
R+RYHU, HHH .2
Hvwlpdwhg xvlqj VWDWD 9131 D frqvwdqw whup +qrw uhsruwhg, zdv lqfoxghg lq doo uhjuhvvlrqv1
Urexvw vwdqgdug huuruv duh lq sduhqwkhvhv/ ---/ --/ - dqg ¢ ghqrwh vljql￿fdqfh dw wkh 14(/
4(/ 8( dqg 43 ( ohyhov/ uhvshfwlyho|1 8 +4vw VW, lv wkh 80vwdwlvwlf iurp wkh ￿uvw vwdjh ri
wkh WVOV uhjuhvvlrq1 R+RYHU, lv wkh R0ydoxh dvvrfldwhg zlwk wkh qxoo k|srwkhvlv ri ￿qr
ryhulghqwl￿fdwlrq￿1Wdeoh 6= Vl}h ri Jryhuqphqw/ flylo olehuwlhv dqg srolwlfdo uljkwv
 'S 2 CAf Af





































































































-2 196 193 189 189
8 +4vw VW, 48134 49163 48134 49163
R+RYHU, 1<;3 1554 1<37 1876
Hvwlpdwhg xvlqj VWDWD 9131 D frqvwdqw whup +qrw uhsruwhg, zdv lqfoxghg lq doo uhjuhvvlrqv1
Urexvw vwdqgdug huuruv duh lq sduhqwkhvhv/ ---/ --/ - dqg ¢ ghqrwh vljql￿fdqfh dw wkh 14(/
4(/ 8( dqg 43 ( ohyhov/ uhvshfwlyho|1 8 +4vw VW, lv wkh 80vwdwlvwlf iurp wkh ￿uvw vwdjh ri
wkh WVOV uhjuhvvlrq1 R+RYHU, lv wkh R0ydoxh dvvrfldwhg zlwk wkh qxoo k|srwkhvlv ri ￿qr
ryhulghqwl￿fdwlrq￿1Wdeoh 7= Vl}h ri Jryhuqphqw dqg Srolwlfdo Dffrxqwdelolw|/ lqfrph shu fdslwd hqgrjhqrxv































Hvwlpdwhg xvlqj VWDWD 9131 D frqvwdqw whup +qrw uhsruwhg, zdv lqfoxghg lq doo uhjuhvvlrqv1
Urexvw vwdqgdug huuruv duh lq sduhqwkhvhv/ ---/ --/ - dqg ¢ ghqrwh vljql￿fdqfh dw wkh 14(/
4(/ 8( dqg 43 ( ohyhov/ uhvshfwlyho|1 8 +4vw VW, lv wkh 80vwdwlvwlf iurp wkh ￿uvw vwdjh ri
wkh WVOV uhjuhvvlrq1 R+RYHU, lv wkh R0ydoxh dvvrfldwhg zlwk wkh qxoo k|srwkhvlv ri ￿qr
ryhulghqwl￿fdwlrq￿1Wdeoh E14= Ghvfulswlyh vwdwlvwlfv
 'S 2 Phdq Vwg1ghy1 Plq Pd{
AfbD 591333 441833 :1:4 7<1843
AfbD 551933 <18:9 :1:4 751<;3
u 1;38 19;6 01;8< 419<7
uA 167: 14;9 1348 1:43
.AM8- 154; 1547 3 1;64
-.7 1768 1833 3 4
uU <1364 1<38 91;68 4315;<
u. 714:< 18;8 51;64 81;:<
(..( 1935 1475 1746 41338
L- 9817;: 5413<9 5413<9 4331383
u 49159< 419:4 4515;6 531983
ubfbD 051775 41579 08 04
-bfbD 05134< 41473 0719 04Page 1 of 14
*******************************************************************************
*******************************************************************************
*****                                                                     *****
*****                                                                     *****
*****  Political Accountability and the Size of Government: Additionals   *****
*****                        David Dreyer Lassen                          *****
*****                                                                     *****
*****                                                                     *****
*****                                            18 Nov 2000    14:42:12  *****
*******************************************************************************
*******************************************************************************
/* Gen. gov. expenditures + Transfers (excl. capital and interest payments)  */
/* ref. to p. 26 */
/* Tables 1 and 2 */
> reg tot polacct, robust;
Regression with robust standard errors                 Number of obs =      62
                                                       F(  1,    60) =   93.75
                                                       Prob > F      =  0.0000
                                                       R-squared     =  0.5796
                                                       Root MSE      =  8.7323
------------------------------------------------------------------------------
         |               Robust
     tot |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |   14.88115   1.536953      9.682   0.000       11.80679    17.95552
   _cons |   14.11797   1.427549      9.890   0.000       11.26245     16.9735
------------------------------------------------------------------------------
. ivreg tot (polacct = lat pres ethfr), robust;
IV (2SLS) regression with robust standard errors       Number of obs =      62
                                                       F(  1,    60) =   79.58
                                                       Prob > F      =  0.0000
                                                       R-squared     =  0.4743
                                                       Root MSE      =  9.7647
------------------------------------------------------------------------------
         |               Robust
     tot |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |   21.22324   2.379022      8.921   0.000       16.46448    25.98199
   _cons |   9.010344   2.154091      4.183   0.000        4.70152    13.31917
------------------------------------------------------------------------------
Instrumented:  polacct
Instruments:   lat pres ethfr
------------------------------------------------------------------------------
. reg tot polacct lninc, robust;
Regression with robust standard errors                 Number of obs =      62
                                                       F(  2,    59) =   58.12
                                                       Prob > F      =  0.0000
                                                       R-squared     =  0.6159
                                                       Root MSE      =  8.4175
------------------------------------------------------------------------------
         |               Robust
     tot |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |   11.25488   2.014373      5.587   0.000       7.224134    15.28563
   lninc |   3.922801   1.492727      2.628   0.011       .9358612    6.909742
   _cons |  -18.38832   12.16386     -1.512   0.136      -42.72815    5.951516
------------------------------------------------------------------------------
. ivreg tot (polacct = lat pres ethfr) lninc, robust;
IV (2SLS) regression with robust standard errors       Number of obs =      62
                                                       F(  2,    59) =   37.82
                                                       Prob > F      =  0.0000
                                                       R-squared     =  0.3589
                                                       Root MSE      =  10.874
------------------------------------------------------------------------------
         |               Robust
     tot |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |   25.08669   5.869587      4.274   0.000       13.34167     36.8317
   lninc |  -3.362201   3.636213     -0.925   0.359      -10.63825    3.913843
   _cons |   36.26285   28.78451      1.260   0.213      -21.33481    93.86051Page 2 of 14
------------------------------------------------------------------------------
Instrumented:  polacct
Instruments:   lninc lat pres ethfr
------------------------------------------------------------------------------
. reg tot polacct lnopen lninc depend urban logpop95, robust;
Regression with robust standard errors                 Number of obs =      62
                                                       F(  6,    55) =   19.84
                                                       Prob > F      =  0.0000
                                                       R-squared     =  0.6332
                                                       Root MSE      =  8.5193
------------------------------------------------------------------------------
         |               Robust
     tot |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |   12.61463   2.276376      5.542   0.000       8.052669    17.17659
  lnopen |   2.368202   2.499648      0.947   0.348      -2.641205    7.377608
   lninc |   3.721791   2.402466      1.549   0.127      -1.092859    8.536441
  depend |   8.988059     13.912      0.646   0.521       -18.8922    36.86832
   urban |   .0435219   .0701197      0.621   0.537       -.097001    .1840449
logpop95 |   1.429005   .7885925      1.812   0.075        -.15137    3.009379
   _cons |  -59.07317   33.24294     -1.777   0.081      -125.6935    7.547173
------------------------------------------------------------------------------
. ivreg tot (polacct = lat pres ethfr) lnopen lninc urban depend logpop95, robu
> st;
IV (2SLS) regression with robust standard errors       Number of obs =      62
                                                       F(  6,    55) =   11.65
                                                       Prob > F      =  0.0000
                                                       R-squared     =  0.3867
                                                       Root MSE      =  11.017
------------------------------------------------------------------------------
         |               Robust
     tot |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |   27.17385   5.864127      4.634   0.000       15.42188    38.92582
  lnopen |   5.067925   2.967995      1.708   0.093      -.8800699    11.01592
   lninc |  -3.211241   4.595133     -0.699   0.488      -12.42009    5.997611
   urban |   .1284833   .0978709      1.313   0.195      -.0676544    .3246209
  depend |   24.84762   19.75074      1.258   0.214      -14.73375    64.42898
logpop95 |   3.158381    1.44883      2.180   0.034       .2548601    6.061902
   _cons |  -62.71334   45.55474     -1.377   0.174      -154.0071    28.58039
------------------------------------------------------------------------------
Instrumented:  polacct
Instruments:   lnopen lninc urban depend logpop95 lat pres ethfr
------------------------------------------------------------------------------
. /* Table 3 */
> reg tot cl9095m lnopen lninc depend urban logpop95, robust;
Regression with robust standard errors                 Number of obs =      62
                                                       F(  6,    55) =   18.37
                                                       Prob > F      =  0.0000
                                                       R-squared     =  0.5875
                                                       Root MSE      =  9.0343
------------------------------------------------------------------------------
         |               Robust
     tot |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 cl9095m |   6.633833   1.540899      4.305   0.000       3.545803    9.721863
  lnopen |   4.555511   2.391052      1.905   0.062      -.2362636    9.347285
   lninc |   4.356162   2.647933      1.645   0.106      -.9504156    9.662739
  depend |   6.877871   14.86129      0.463   0.645      -22.90482    36.66057
   urban |   .0092228   .0744053      0.124   0.902      -.1398888    .1583343
logpop95 |   2.534048   .9314718      2.720   0.009       .6673364    4.400759
   _cons |  -62.04594   37.07545     -1.674   0.100      -136.3468    12.25492
------------------------------------------------------------------------------
. ivreg tot (cl9095m = lat pres ethfr) lnopen lninc urban depend logpop95, robu
> st;
IV (2SLS) regression with robust standard errors       Number of obs =      62
                                                       F(  6,    55) =    8.43
                                                       Prob > F      =  0.0000
                                                       R-squared     =  0.1439
                                                       Root MSE      =  13.015Page 3 of 14
------------------------------------------------------------------------------
         |               Robust
     tot |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 cl9095m |   18.46768   5.271688      3.503   0.001       7.902983    29.03238
  lnopen |   12.63007   5.149122      2.453   0.017       2.310996    22.94914
   lninc |  -5.227919   5.229017     -1.000   0.322       -15.7071    5.251265
   urban |   .0793542   .1153153      0.688   0.494      -.1517429    .3104512
  depend |   27.62615   27.61688      1.000   0.322      -27.71931    82.97161
logpop95 |   7.178221   2.494524      2.878   0.006       2.179082    12.17736
   _cons |  -72.97523   63.43982     -1.150   0.255      -200.1115    54.16101
------------------------------------------------------------------------------
Instrumented:  cl9095m
Instruments:   lnopen lninc urban depend logpop95 lat pres ethfr
------------------------------------------------------------------------------
. reg tot pr9095m lnopen lninc depend urban logpop95, robust;
Regression with robust standard errors                 Number of obs =      62
                                                       F(  6,    55) =   17.27
                                                       Prob > F      =  0.0000
                                                       R-squared     =  0.5805
                                                       Root MSE      =  9.1106
------------------------------------------------------------------------------
         |               Robust
     tot |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 pr9095m |   7.027046   1.734479      4.051   0.000       3.551072    10.50302
  lnopen |    7.59812   2.811867      2.702   0.009       1.963013    13.23323
   lninc |   5.613545   2.608872      2.152   0.036       .3852497    10.84184
  depend |   12.72061   15.40408      0.826   0.412      -18.14986    43.59108
   urban |   .0110873    .074985      0.148   0.883      -.1391859    .1613605
logpop95 |   2.718587    .878204      3.096   0.003       .9586267    4.478547
   _cons |  -94.76708   38.04865     -2.491   0.016      -171.0183   -18.51588
------------------------------------------------------------------------------
. ivreg tot (pr9095m = lat pres ethfr) lnopen lninc urban depend logpop95, robu
> st;
IV (2SLS) regression with robust standard errors       Number of obs =      62
                                                       F(  6,    55) =    8.29
                                                       Prob > F      =  0.0000
                                                       R-squared     =  0.2657
                                                       Root MSE      =  12.054
------------------------------------------------------------------------------
         |               Robust
     tot |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 pr9095m |   17.86238   5.283389      3.381   0.001        7.27423    28.45053
  lnopen |    19.2692   6.629344      2.907   0.005       5.983696     32.5547
   lninc |  -.7319854   4.327742     -0.169   0.866      -9.404975    7.941004
   urban |   .0745829   .1049924      0.710   0.480      -.1358266    .2849924
  depend |   39.66434   25.37174      1.563   0.124      -11.18175    90.51044
logpop95 |   7.017497   2.315143      3.031   0.004       2.377847    11.65715
   _cons |  -154.6685   66.61871     -2.322   0.024      -288.1753    -21.1616
------------------------------------------------------------------------------
Instrumented:  pr9095m
Instruments:   lnopen lninc urban depend logpop95 lat pres ethfr
------------------------------------------------------------------------------
. /* Table 4 */
> ivreg tot (polacct lninc = lat pres ethfr) lnopen urban depend logpop95, robu
> st;
IV (2SLS) regression with robust standard errors       Number of obs =      62
                                                       F(  6,    55) =   10.49
                                                       Prob > F      =  0.0000
                                                       R-squared     =  0.3670
                                                       Root MSE      =  11.192
------------------------------------------------------------------------------
         |               Robust
     tot |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |   27.69944   6.549952      4.229   0.000       14.57304    40.82584
   lninc |  -4.595821   11.60322     -0.396   0.694      -27.84919    18.65755
  lnopen |   5.156773   3.084015      1.672   0.100      -1.023732    11.33728
   urban |   .1497322   .1922857      0.779   0.439      -.2356169    .5350814
  depend |   21.04218   39.76143      0.529   0.599       -58.6415    100.7259
logpop95 |   3.161632   1.471748      2.148   0.036       .2121832    6.111081Page 4 of 14
   _cons |  -50.15779   112.8249     -0.445   0.658       -276.264    175.9484
------------------------------------------------------------------------------
Instrumented:  polacct lninc
Instruments:   lnopen urban depend logpop95 lat pres ethfr
------------------------------------------------------------------------------
/* Logistic transformation */
/* ref. to p. 29 */
> /* Table 1 */
> reg logtax polacct, robust;
Regression with robust standard errors                 Number of obs =      62
                                                       F(  1,    60) =  118.59
                                                       Prob > F      =  0.0000
                                                       R-squared     =  0.6540
                                                       Root MSE      =  .37797
------------------------------------------------------------------------------
         |               Robust
  logtax |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |   .7541611   .0692546     10.890   0.000       .6156313     .892691
   _cons |  -1.746771   .0767255    -22.766   0.000      -1.900245   -1.593297
------------------------------------------------------------------------------
. ivreg logtax (polacct = lat pres ethfr), robust;
IV (2SLS) regression with robust standard errors       Number of obs =      62
                                                       F(  1,    60) =  103.00
                                                       Prob > F      =  0.0000
                                                       R-squared     =  0.5754
                                                       Root MSE      =  .41869
------------------------------------------------------------------------------
         |               Robust
  logtax |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |   1.015545   .1000635     10.149   0.000       .8153885    1.215702
   _cons |  -1.957278   .1018116    -19.225   0.000      -2.160932   -1.753625
------------------------------------------------------------------------------
Instrumented:  polacct
Instruments:   lat pres ethfr
------------------------------------------------------------------------------
. reg logctax polacct, robust;
Regression with robust standard errors                 Number of obs =      62
                                                       F(  1,    60) =   75.34
                                                       Prob > F      =  0.0000
                                                       R-squared     =  0.5407
                                                       Root MSE      =  .39181
------------------------------------------------------------------------------
         |               Robust
 logctax |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |   .6169357   .0710777      8.680   0.000       .4747592    .7591122
   _cons |  -1.814104   .0771286    -23.521   0.000      -1.968384   -1.659824
------------------------------------------------------------------------------
. ivreg logctax (polacct = lat pres ethfr), robust;
IV (2SLS) regression with robust standard errors       Number of obs =      62
                                                       F(  1,    60) =   77.93
                                                       Prob > F      =  0.0000
                                                       R-squared     =  0.4553
                                                       Root MSE      =  .42668
------------------------------------------------------------------------------
         |               Robust
 logctax |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |   .8621453   .0976644      8.828   0.000       .6667874    1.057503
   _cons |  -2.011585   .0972723    -20.680   0.000      -2.206159   -1.817011
------------------------------------------------------------------------------
Instrumented:  polacct
Instruments:   lat pres ethfr
------------------------------------------------------------------------------
. /* Table 2 */
> reg logtax polacct lnopen lninc urban depend logpop95, robust;Page 5 of 14
Regression with robust standard errors                 Number of obs =      62
                                                       F(  6,    55) =   31.02
                                                       Prob > F      =  0.0000
                                                       R-squared     =  0.7323
                                                       Root MSE      =  .34721
------------------------------------------------------------------------------
         |               Robust
  logtax |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |   .6629992   .0978606      6.775   0.000       .4668823    .8591162
  lnopen |   .2182143   .1062339      2.054   0.045       .0053167    .4311118
   lninc |    .026431   .0997801      0.265   0.792      -.1735328    .2263948
   urban |   .0065813   .0026443      2.489   0.016        .001282    .0118806
  depend |  -.0862318   .6636803     -0.130   0.897      -1.416277    1.243813
logpop95 |   .0759304   .0304605      2.493   0.016       .0148863    .1369745
   _cons |  -4.438374   1.423096     -3.119   0.003      -7.290321   -1.586426
------------------------------------------------------------------------------
. ivreg logtax (polacct = lat pres ethfr) lnopen lninc urban depend logpop95, r
> obust;
IV (2SLS) regression with robust standard errors       Number of obs =      62
                                                       F(  6,    55) =   16.68
                                                       Prob > F      =  0.0000
                                                       R-squared     =  0.5500
                                                       Root MSE      =  .45018
------------------------------------------------------------------------------
         |               Robust
  logtax |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |   1.260286     .24472      5.150   0.000       .7698562    1.750716
  lnopen |   .3289694   .1273068      2.584   0.012       .0738409    .5840979
   lninc |  -.2579941   .1850034     -1.395   0.169      -.6287492    .1127609
   urban |   .0100668   .0038731      2.599   0.012       .0023049    .0178287
  depend |   .5644006   .8417548      0.671   0.505      -1.122514    2.251315
logpop95 |   .1468774   .0580716      2.529   0.014       .0304993    .2632556
   _cons |  -4.587711   1.939916     -2.365   0.022       -8.47539   -.7000314
------------------------------------------------------------------------------
Instrumented:  polacct
Instruments:   lnopen lninc urban depend logpop95 lat pres ethfr
------------------------------------------------------------------------------
. reg logctax polacct lnopen lninc urban depend logpop95, robust;
Regression with robust standard errors                 Number of obs =      62
                                                       F(  6,    55) =   20.23
                                                       Prob > F      =  0.0000
                                                       R-squared     =  0.6572
                                                       Root MSE      =   .3535
------------------------------------------------------------------------------
         |               Robust
 logctax |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |   .5037761   .1039725      4.845   0.000       .2954106    .7121416
  lnopen |    .328555   .1069425      3.072   0.003       .1142374    .5428725
   lninc |   .0293633   .1087007      0.270   0.788      -.1884777    .2472043
   urban |   .0047778   .0026806      1.782   0.080      -.0005943    .0101499
  depend |  -.2059868   .6247663     -0.330   0.743      -1.458046    1.046073
logpop95 |   .0434061   .0342442      1.268   0.210      -.0252208     .112033
   _cons |  -4.256284    1.56973     -2.711   0.009      -7.402094   -1.110475
------------------------------------------------------------------------------
. ivreg logctax (polacct = lat pres ethfr) lnopen lninc urban depend logpop95, 
> robust;
IV (2SLS) regression with robust standard errors       Number of obs =      62
                                                       F(  6,    55) =   13.48
                                                       Prob > F      =  0.0000
                                                       R-squared     =  0.4640
                                                       Root MSE      =  .44204
------------------------------------------------------------------------------
         |               Robust
 logctax |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |   1.056987   .2502925      4.223   0.000       .5553898    1.558585
  lnopen |   .4311371   .1124733      3.833   0.000       .2057357    .6565386
   lninc |  -.2340732   .2022491     -1.157   0.252      -.6393894     .171243
   urban |   .0080061   .0038387      2.086   0.042       .0003131    .0156991Page 6 of 14
  depend |   .3966335   .7751797      0.512   0.611      -1.156861    1.950128
logpop95 |   .1091178   .0588371      1.855   0.069      -.0087944    .2270299
   _cons |  -4.394601   1.938559     -2.267   0.027       -8.27956   -.5096431
------------------------------------------------------------------------------
Instrumented:  polacct
Instruments:   lnopen lninc urban depend logpop95 lat pres ethfr
------------------------------------------------------------------------------
. /* Table 3 */
> reg logtax cl9095m lnopen lninc depend urban logpop95, robust;
Regression with robust standard errors                 Number of obs =      62
                                                       F(  6,    55) =   17.69
                                                       Prob > F      =  0.0000
                                                       R-squared     =  0.6476
                                                       Root MSE      =  .39843
------------------------------------------------------------------------------
         |               Robust
  logtax |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 cl9095m |   .3169738   .0682284      4.646   0.000       .1802411    .4537065
  lnopen |   .3115539    .114384      2.724   0.009       .0823231    .5407846
   lninc |   .0854351   .1196996      0.714   0.478      -.1544481    .3253184
  depend |  -.2526959   .7521479     -0.336   0.738      -1.760034    1.254642
   urban |   .0045908   .0031224      1.470   0.147      -.0016667    .0108483
logpop95 |   .1215737   .0391957      3.102   0.003       .0430238    .2001236
   _cons |  -4.565352    1.72029     -2.654   0.010       -8.01289   -1.117814
------------------------------------------------------------------------------
. ivreg logtax (cl9095m = lat pres ethfr) lnopen lninc urban depend logpop95, r
> obust;
IV (2SLS) regression with robust standard errors       Number of obs =      62
                                                       F(  6,    55) =    9.64
                                                       Prob > F      =  0.0000
                                                       R-squared     =  0.2526
                                                       Root MSE      =  .58019
------------------------------------------------------------------------------
         |               Robust
  logtax |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 cl9095m |   .8496663   .2299031      3.696   0.001       .3889301    1.310402
  lnopen |   .6750244   .2235755      3.019   0.004       .2269691     1.12308
   lninc |  -.3459856   .2273115     -1.522   0.134      -.8015281    .1095569
   urban |   .0077477   .0050366      1.538   0.130      -.0023458    .0178412
  depend |   .6812734   1.235372      0.551   0.584      -1.794467    3.157013
logpop95 |   .3306279   .1022683      3.233   0.002       .1256777    .5355782
   _cons |  -5.057326    2.89783     -1.745   0.087      -10.86471    .7500539
------------------------------------------------------------------------------
Instrumented:  cl9095m
Instruments:   lnopen lninc urban depend logpop95 lat pres ethfr
------------------------------------------------------------------------------
. reg logtax pr9095m lnopen lninc depend urban logpop95, robust;
Regression with robust standard errors                 Number of obs =      62
                                                       F(  6,    55) =   15.73
                                                       Prob > F      =  0.0000
                                                       R-squared     =  0.6135
                                                       Root MSE      =  .41724
------------------------------------------------------------------------------
         |               Robust
  logtax |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 pr9095m |   .2996251   .0978314      3.063   0.003       .1035666    .4956836
  lnopen |   .4180097   .1397643      2.991   0.004       .1379158    .6981035
   lninc |   .1666777   .1457672      1.143   0.258      -.1254463    .4588017
  depend |  -.0633817   .7990514     -0.079   0.937      -1.664716    1.537953
   urban |   .0044681   .0035976      1.242   0.220      -.0027417     .011678
logpop95 |   .1160539   .0405611      2.861   0.006       .0347676    .1973402
   _cons |  -5.929036   1.722457     -3.442   0.001      -9.380916   -2.477156
------------------------------------------------------------------------------
. ivreg logtax (pr9095m = lat pres ethfr) lnopen lninc urban depend logpop95, r
> obust;
IV (2SLS) regression with robust standard errors       Number of obs =      62
                                                       F(  6,    55) =    8.48
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                                                       R-squared     =  0.3288
                                                       Root MSE      =  .54984
------------------------------------------------------------------------------
         |               Robust
  logtax |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 pr9095m |   .7912276   .2519057      3.141   0.003       .2863973    1.296058
  lnopen |   .9475303   .3019922      3.138   0.003       .3423243    1.552736
   lninc |  -.1212211   .2279314     -0.532   0.597      -.5780057    .3355636
   urban |    .007349    .005139      1.430   0.158      -.0029498    .0176477
  depend |   1.159064   1.182009      0.981   0.331      -1.209734    3.527862
logpop95 |   .3110969   .1014536      3.066   0.003       .1077793    .5144144
   _cons |  -8.646782   2.933969     -2.947   0.005      -14.52659   -2.766976
------------------------------------------------------------------------------
Instrumented:  pr9095m
Instruments:   lnopen lninc urban depend logpop95 lat pres ethfr
------------------------------------------------------------------------------
. /* Table 4 */
> ivreg logtax (polacct lninc = lat pres ethfr) lnopen urban depend logpop95, r
> obust;
IV (2SLS) regression with robust standard errors       Number of obs =      62
                                                       F(  6,    55) =   14.76
                                                       Prob > F      =  0.0000
                                                       R-squared     =  0.5104
                                                       Root MSE      =   .4696
------------------------------------------------------------------------------
         |               Robust
  logtax |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |   1.312091   .2589602      5.067   0.000       .7931236    1.831059
   lninc |   -.394466   .4838991     -0.815   0.418      -1.364222    .5752895
  lnopen |   .3377268   .1315754      2.567   0.013       .0740439    .6014097
   urban |   .0121612    .008168      1.489   0.142      -.0042079    .0285303
  depend |   .1893159   1.788622      0.106   0.916      -3.395163    3.773795
logpop95 |   .1471979   .0604553      2.435   0.018       .0260427    .2683531
   _cons |  -3.350165   5.108596     -0.656   0.515      -13.58802     6.88769
------------------------------------------------------------------------------
Instrumented:  polacct lninc
Instruments:   lnopen urban depend logpop95 lat pres ethfr
------------------------------------------------------------------------------
/* GMM heteroscedasticity correction */
/* ref. to p. 30 */
> /* Table 1 */
> ivgmm0 tax95 (polacct = lat pres ethfr);
Instrumental Variables Estimation via GMM           Number of obs  =        62
                                                    Root MSE       =    8.0042
                                                    Hansen J       =    1.0108
                                                    Chi-sq( 2) P-val = 0.60327
------------------------------------------------------------------------------
         |                 GMM
   tax95 |      Coef.   Std. Err.       z     P>|z|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |   18.88485   1.960428      9.633   0.000       15.04248    22.72722
   _cons |   11.05177   1.863331      5.931   0.000       7.399713    14.70384
------------------------------------------------------------------------------
Instrumented:  polacct
Instruments:   lat pres ethfr
------------------------------------------------------------------------------
. ivgmm0 tax95 (polacct = lat pres ethfr) lninc;
Instrumental Variables Estimation via GMM           Number of obs  =        62
                                                    Root MSE       =    9.1317
                                                    Hansen J       =    0.3341
                                                    Chi-sq( 2) P-val = 0.84617
------------------------------------------------------------------------------
         |                 GMM
   tax95 |      Coef.   Std. Err.       z     P>|z|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |   22.93986   5.152832      4.452   0.000        12.8405    33.03923
   lninc |  -3.535584   3.275447     -1.079   0.280      -9.955342    2.884174
   _cons |   39.67077   25.84209      1.535   0.125       -10.9788    90.32033
------------------------------------------------------------------------------
Instrumented:  polacct
Instruments:   lninc lat pres ethfr
------------------------------------------------------------------------------Page 8 of 14
. ivgmm0 ctax95 (polacct = lat pres ethfr);
Instrumental Variables Estimation via GMM           Number of obs  =        62
                                                    Root MSE       =    7.4796
                                                    Hansen J       =    0.0617
                                                    Chi-sq( 2) P-val = 0.96961
------------------------------------------------------------------------------
         |                 GMM
  ctax95 |      Coef.   Std. Err.       z     P>|z|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |   14.84358   1.720086      8.630   0.000       11.47228    18.21489
   _cons |   10.68424   1.591905      6.712   0.000       7.564162    13.80431
------------------------------------------------------------------------------
Instrumented:  polacct
Instruments:   lat pres ethfr
------------------------------------------------------------------------------
. ivgmm0 ctax95 (polacct = lat pres ethfr) lninc;
Instrumental Variables Estimation via GMM           Number of obs  =        62
                                                    Root MSE       =    8.1450
                                                    Hansen J       =    0.3433
                                                    Chi-sq( 2) P-val = 0.84229
------------------------------------------------------------------------------
         |                 GMM
  ctax95 |      Coef.   Std. Err.       z     P>|z|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |   17.68754   4.492842      3.937   0.000       8.881731    26.49335
   lninc |  -2.557482   2.957956     -0.865   0.387      -8.354968    3.240005
   _cons |   31.48939    23.5107      1.339   0.180      -14.59073    77.56951
------------------------------------------------------------------------------
Instrumented:  polacct
Instruments:   lninc lat pres ethfr
------------------------------------------------------------------------------
. /* Table 2 */
> ivgmm0 tax95 (polacct = lat pres ethfr) lnopen lninc urban depend logpop95;
Instrumental Variables Estimation via GMM           Number of obs  =        62
                                                    Root MSE       =    8.8680
                                                    Hansen J       =    0.2953
                                                    Chi-sq( 2) P-val = 0.86271
------------------------------------------------------------------------------
         |                 GMM
   tax95 |      Coef.   Std. Err.       z     P>|z|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |   25.38165   4.468795      5.680   0.000       16.62297    34.14033
  lnopen |   6.519197   2.393043      2.724   0.006       1.828918    11.20947
   lninc |  -5.276974   3.643255     -1.448   0.147      -12.41762    1.863675
   urban |   .1858478   .0746851      2.488   0.013       .0394676    .3322279
  depend |   18.65198    15.2891      1.220   0.222       -11.3141    48.61806
logpop95 |   3.141054   1.082524      2.902   0.004       1.019346    5.262762
   _cons |  -48.51824    36.6766     -1.323   0.186       -120.403    23.36656
------------------------------------------------------------------------------
Instrumented:  polacct
Instruments:   lnopen lninc urban depend logpop95 lat pres ethfr
------------------------------------------------------------------------------
. ivgmm0 ctax95 (polacct = lat pres ethfr) lnopen lninc urban depend logpop95;
Instrumental Variables Estimation via GMM           Number of obs  =        62
                                                    Root MSE       =    7.7484
                                                    Hansen J       =    0.7191
                                                    Chi-sq( 2) P-val = 0.69798
------------------------------------------------------------------------------
         |                 GMM
  ctax95 |      Coef.   Std. Err.       z     P>|z|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |    19.3304    4.08654      4.730   0.000       11.32093    27.33987
  lnopen |   7.528461   1.921093      3.919   0.000       3.763188    11.29373
   lninc |  -4.385263   3.487823     -1.257   0.209      -11.22127    2.450744
   urban |    .141353    .065804      2.148   0.032       .0123795    .2703264
  depend |   11.47479   12.51068      0.917   0.359      -13.04569    35.99528
logpop95 |   2.224058   .9313515      2.388   0.017       .3986425    4.049473
   _cons |  -37.12404   32.72307     -1.134   0.257      -101.2601    27.01199
------------------------------------------------------------------------------
Instrumented:  polacct
Instruments:   lnopen lninc urban depend logpop95 lat pres ethfr
------------------------------------------------------------------------------
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> ivgmm0 tax95 (cl9095m = lat pres ethfr) lnopen lninc urban depend logpop95;
Instrumental Variables Estimation via GMM           Number of obs  =        62
                                                    Root MSE       =   10.8288
                                                    Hansen J       =    0.0485
                                                    Chi-sq( 2) P-val = 0.97602
------------------------------------------------------------------------------
         |                 GMM
   tax95 |      Coef.   Std. Err.       z     P>|z|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 cl9095m |   16.83687   4.340008      3.879   0.000        8.33061    25.34313
  lnopen |   13.00613    3.88337      3.349   0.001       5.394869     20.6174
   lninc |  -6.907493   4.273764     -1.616   0.106      -15.28392     1.46893
   urban |   .1350532   .0867215      1.557   0.119      -.0349179    .3050242
  depend |   18.94547    21.8834      0.866   0.387       -23.9452    61.83614
logpop95 |   6.562811   1.864535      3.520   0.000        2.90839    10.21723
   _cons |  -51.91078   50.61118     -1.026   0.305      -151.1069    47.28532
------------------------------------------------------------------------------
Instrumented:  cl9095m
Instruments:   lnopen lninc urban depend logpop95 lat pres ethfr
------------------------------------------------------------------------------
. ivgmm0 tax95 (pr9095m = lat pres ethfr) lnopen lninc urban depend logpop95;
Instrumental Variables Estimation via GMM           Number of obs  =        62
                                                    Root MSE       =   10.9545
                                                    Hansen J       =    2.2322
                                                    Chi-sq( 2) P-val = 0.32755
------------------------------------------------------------------------------
         |                 GMM
   tax95 |      Coef.   Std. Err.       z     P>|z|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 pr9095m |   17.40667   4.422125      3.936   0.000       8.739468    26.07388
  lnopen |    20.2887   5.381503      3.770   0.000       9.741145    30.83625
   lninc |  -4.352169   3.487482     -1.248   0.212      -11.18751     2.48317
   urban |    .168897   .0935159      1.806   0.071      -.0143907    .3521847
  depend |   28.73479   22.24036      1.292   0.196       -14.8555    72.32509
logpop95 |   6.336231   1.925804      3.290   0.001       2.561725    10.11074
   _cons |  -116.3838   56.80926     -2.049   0.040      -227.7279   -5.039708
------------------------------------------------------------------------------
Instrumented:  pr9095m
Instruments:   lnopen lninc urban depend logpop95 lat pres ethfr
------------------------------------------------------------------------------
. ivgmm0 ctax95 (cl9095m = lat pres ethfr) lnopen lninc urban depend logpop95;
Instrumental Variables Estimation via GMM           Number of obs  =        62
                                                    Root MSE       =    9.2408
                                                    Hansen J       =    0.1977
                                                    Chi-sq( 2) P-val = 0.90589
------------------------------------------------------------------------------
         |                 GMM
  ctax95 |      Coef.   Std. Err.       z     P>|z|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 cl9095m |   13.17768   3.316839      3.973   0.000       6.676792    19.67856
  lnopen |   12.58703   2.897361      4.344   0.000       6.908304    18.26575
   lninc |  -5.747627   3.654986     -1.573   0.116      -12.91127    1.416013
   urban |   .0996481   .0687304      1.450   0.147      -.0350611    .2343573
  depend |   14.43672   17.66485      0.817   0.414      -20.18574    49.05918
logpop95 |   5.052071   1.532159      3.297   0.001       2.049094    8.055047
   _cons |  -43.22273   42.70797     -1.012   0.312      -126.9288    40.48336
------------------------------------------------------------------------------
Instrumented:  cl9095m
Instruments:   lnopen lninc urban depend logpop95 lat pres ethfr
------------------------------------------------------------------------------
. ivgmm0 ctax95 (pr9095m = lat pres ethfr) lnopen lninc urban depend logpop95;
Instrumental Variables Estimation via GMM           Number of obs  =        62
                                                    Root MSE       =    9.3259
                                                    Hansen J       =    0.9286
                                                    Chi-sq( 2) P-val = 0.62857
------------------------------------------------------------------------------
         |                 GMM
  ctax95 |      Coef.   Std. Err.       z     P>|z|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 pr9095m |   14.49166   3.436137      4.217   0.000       7.756957    21.22637
  lnopen |   19.43522   4.216058      4.610   0.000        11.1719    27.69854
   lninc |  -4.328359   3.148171     -1.375   0.169      -10.49866    1.841943
   urban |   .1333346   .0759944      1.755   0.079      -.0156117    .2822809
  depend |   24.11958    17.9934      1.340   0.180      -11.14683      59.386
logpop95 |    5.35597   1.598226      3.351   0.001       2.223505    8.488435Page 10 of 14
   _cons |  -101.0123   47.00007     -2.149   0.032      -193.1307   -8.893849
------------------------------------------------------------------------------
Instrumented:  pr9095m
Instruments:   lnopen lninc urban depend logpop95 lat pres ethfr
------------------------------------------------------------------------------
. /* Table 4 */
> ivgmm0 tax95 (polacct lninc = lat pres ethfr) lnopen urban depend logpop95;
Instrumental Variables Estimation via GMM           Number of obs  =        62
                                                    Root MSE       =    9.1257
                                                    Hansen J       =    0.1519
                                                    Chi-sq( 1) P-val = 0.69674
------------------------------------------------------------------------------
         |                 GMM
   tax95 |      Coef.   Std. Err.       z     P>|z|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |   25.94414    5.16895      5.019   0.000       15.81319     36.0751
   lninc |  -8.083221   9.185365     -0.880   0.379      -26.08621    9.919763
  lnopen |   6.564511   2.476875      2.650   0.008       1.709925     11.4191
   urban |   .2292538    .152865      1.500   0.134       -.070356    .5288637
  depend |   8.762907   31.82834      0.275   0.783      -53.61949     71.1453
logpop95 |   3.005905   1.177054      2.554   0.011       .6989219    5.312889
   _cons |  -18.54602    94.3906     -0.196   0.844      -203.5482    166.4562
------------------------------------------------------------------------------
Instrumented:  polacct lninc
Instruments:   lnopen urban depend logpop95 lat pres ethfr
------------------------------------------------------------------------------
. ivgmm0 ctax95 (polacct lninc = lat pres ethfr) lnopen urban depend logpop95;
Instrumental Variables Estimation via GMM           Number of obs  =        62
                                                    Root MSE       =    7.8093
                                                    Hansen J       =    0.7029
                                                    Chi-sq( 1) P-val = 0.40180
------------------------------------------------------------------------------
         |                 GMM
  ctax95 |      Coef.   Std. Err.       z     P>|z|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |   19.53481   4.573647      4.271   0.000       10.57063    28.49899
   lninc |   -5.07325   8.204758     -0.618   0.536      -21.15428    11.00778
  lnopen |   7.546214    1.95421      3.862   0.000       3.716032     11.3764
   urban |    .151782   .1325632      1.145   0.252      -.1080372    .4116012
  depend |   9.193455   27.73655      0.331   0.740      -45.16918    63.55609
logpop95 |    2.19558   1.005195      2.184   0.029       .2254336    4.165727
   _cons |  -29.99813   84.49932     -0.355   0.723      -195.6138    135.6175
------------------------------------------------------------------------------
Instrumented:  polacct lninc
Instruments:   lnopen urban depend logpop95 lat pres ethfr
------------------------------------------------------------------------------
/* Outliers */
/* ref. to p. 32 */
/* Excl. Turkey */
/* Table 2 */
> reg tax95 polacct lnopen lninc depend urban logpop95, robust;
Regression with robust standard errors                 Number of obs =      61
                                                       F(  6,    54) =   26.46
                                                       Prob > F      =  0.0000
                                                       R-squared     =  0.6981
                                                       Root MSE      =  6.6546
------------------------------------------------------------------------------
         |               Robust
   tax95 |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |    12.6121   1.837246      6.865   0.000       8.928639    16.29555
  lnopen |   3.960704    1.93006      2.052   0.045       .0911668    7.830241
   lninc |   1.034935   1.896437      0.546   0.588      -2.767192    4.837062
  depend |   4.588224   11.76002      0.390   0.698      -18.98919    28.16564
   urban |   .1033574   .0481509      2.147   0.036       .0068207    .1998941
logpop95 |   1.426456   .6208293      2.298   0.025       .1817684    2.671144
   _cons |   -42.9252   26.75456     -1.604   0.114      -96.56486    10.71447
------------------------------------------------------------------------------
. ivreg tax95 (polacct = lat pres ethfr) lnopen lninc urban depend logpop95 , r
> obust;
IV (2SLS) regression with robust standard errors       Number of obs =      61
                                                       F(  6,    54) =   14.94
                                                       Prob > F      =  0.0000Page 11 of 14
                                                       R-squared     =  0.5489
                                                       Root MSE      =  8.1342
------------------------------------------------------------------------------
         |               Robust
   tax95 |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |   23.05241   4.139002      5.570   0.000       14.75421    31.35061
  lnopen |   5.879756   2.319385      2.535   0.014       1.229669    10.52984
   lninc |  -3.564926   3.144736     -1.134   0.262      -9.869743     2.73989
   urban |   .1527176   .0652386      2.341   0.023        .021922    .2835131
  depend |   16.75837     15.702      1.067   0.291      -14.72225    48.23898
logpop95 |   2.530684    .999533      2.532   0.014       .5267413    4.534627
   _cons |  -46.56636   36.57486     -1.273   0.208      -119.8945    26.76181
------------------------------------------------------------------------------
Instrumented:  polacct
Instruments:   lnopen lninc urban depend logpop95 lat pres ethfr
------------------------------------------------------------------------------
. reg ctax95 polacct lnopen lninc depend urban logpop95, robust;
Regression with robust standard errors                 Number of obs =      61
                                                       F(  6,    54) =   18.16
                                                       Prob > F      =  0.0000
                                                       R-squared     =  0.6151
                                                       Root MSE      =  6.2713
------------------------------------------------------------------------------
         |               Robust
  ctax95 |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |   9.236538   1.790426      5.159   0.000        5.64695    12.82613
  lnopen |   5.460909   1.802572      3.030   0.004        1.84697    9.074847
   lninc |   .3697081   1.962358      0.188   0.851      -3.564582    4.303998
  depend |    .670663   10.10466      0.066   0.947      -19.58796    20.92929
   urban |   .0808385   .0468999      1.724   0.090      -.0131901    .1748671
logpop95 |   .8723901   .6278647      1.389   0.170      -.3864028    2.131183
   _cons |  -31.00785   27.40509     -1.131   0.263      -85.95174    23.93604
------------------------------------------------------------------------------
. ivreg ctax95 (polacct = lat pres ethfr) lnopen lninc urban depend logpop95 , 
> robust;
IV (2SLS) regression with robust standard errors       Number of obs =      61
                                                       F(  6,    54) =   12.03
                                                       Prob > F      =  0.0000
                                                       R-squared     =  0.4538
                                                       Root MSE      =  7.4707
------------------------------------------------------------------------------
         |               Robust
  ctax95 |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |   18.29784   3.886016      4.709   0.000       10.50685    26.08884
  lnopen |   7.126483   1.943458      3.667   0.001       3.230085    11.02288
   lninc |  -3.622581   3.270759     -1.108   0.273      -10.18006    2.934897
   urban |   .1236789   .0617499      2.003   0.050      -.0001222      .24748
  depend |   11.23331   13.29039      0.845   0.402      -15.41232    37.87895
logpop95 |   1.830766   .9292327      1.970   0.054      -.0322332    3.693766
   _cons |  -34.16807    34.2892     -0.996   0.323      -102.9138    34.57764
------------------------------------------------------------------------------
Instrumented:  polacct
Instruments:   lnopen lninc urban depend logpop95 lat pres ethfr
------------------------------------------------------------------------------
/* Excl. Singapore */
/* Table 2 */
> reg tax95 polacct lnopen lninc depend urban logpop95, robust;
Regression with robust standard errors                 Number of obs =      61
                                                       F(  6,    54) =   28.83
                                                       Prob > F      =  0.0000
                                                       R-squared     =  0.7112
                                                       Root MSE      =  6.5293
------------------------------------------------------------------------------
         |               Robust
   tax95 |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |   10.43524   1.541722      6.769   0.000        7.34427     13.5262
  lnopen |    5.30266   1.973643      2.687   0.010       1.345743    9.259576
   lninc |   1.658651    1.78643      0.928   0.357      -1.922925    5.240226Page 12 of 14
  depend |   .8363979    11.3597      0.074   0.942      -21.93843    23.61122
   urban |   .1202045   .0489612      2.455   0.017       .0220431    .2183659
logpop95 |   1.531791    .588312      2.604   0.012       .3522965    2.711286
   _cons |  -52.60123   24.97234     -2.106   0.040      -102.6678   -2.534701
------------------------------------------------------------------------------
. ivreg tax95 (polacct = lat pres ethfr) lnopen lninc urban depend logpop95 , r
> obust;
IV (2SLS) regression with robust standard errors       Number of obs =      61
                                                       F(  6,    54) =   12.25
                                                       Prob > F      =  0.0000
                                                       R-squared     =  0.3598
                                                       Root MSE      =  9.7209
------------------------------------------------------------------------------
         |               Robust
   tax95 |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |    26.4137   7.391592      3.573   0.001       11.59446    41.23295
  lnopen |   5.469316   2.875825      1.902   0.063      -.2963666      11.235
   lninc |  -5.625659   4.887114     -1.151   0.255      -15.42373    4.172416
   urban |   .1764427   .0829852      2.126   0.038       .0100673    .3428181
  depend |   19.73533   18.59397      1.061   0.293      -17.54334      57.014
logpop95 |   2.968058   1.309094      2.267   0.027       .3434834    5.592632
   _cons |  -39.18993   43.08653     -0.910   0.367      -125.5732    47.19336
------------------------------------------------------------------------------
Instrumented:  polacct
Instruments:   lnopen lninc urban depend logpop95 lat pres ethfr
------------------------------------------------------------------------------
. reg ctax95 polacct lnopen lninc depend urban logpop95, robust;
Regression with robust standard errors                 Number of obs =      61
                                                       F(  6,    54) =   20.56
                                                       Prob > F      =  0.0000
                                                       R-squared     =  0.6445
                                                       Root MSE      =   6.046
------------------------------------------------------------------------------
         |               Robust
  ctax95 |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |   6.936483   1.324877      5.236   0.000       4.280265      9.5927
  lnopen |   7.057119   1.725873      4.089   0.000       3.596951    10.51729
   lninc |   1.041841   1.835819      0.568   0.573      -2.638755    4.722436
  depend |  -3.316633   9.687887     -0.342   0.733      -22.73968    16.10641
   urban |   .0999617   .0462138      2.163   0.035       .0073086    .1926147
logpop95 |   1.000956   .6021369      1.662   0.102      -.2062561    2.208167
   _cons |  -42.44531   26.33788     -1.612   0.113      -95.24959    10.35897
------------------------------------------------------------------------------
. ivreg ctax95 (polacct = lat pres ethfr) lnopen lninc urban depend logpop95 , 
> robust;
IV (2SLS) regression with robust standard errors       Number of obs =      61
                                                       F(  6,    54) =   10.10
                                                       Prob > F      =  0.0000
                                                       R-squared     =  0.2992
                                                       Root MSE      =   8.489
------------------------------------------------------------------------------
         |               Robust
  ctax95 |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |   20.15776   6.553095      3.076   0.003       7.019591    33.29592
  lnopen |   7.195018   2.247975      3.201   0.002         2.6881    11.70194
   lninc |   -4.98551   4.582971     -1.088   0.282      -14.17381    4.202794
   urban |   .1464956   .0734868      1.993   0.051      -.0008365    .2938277
  depend |   12.32116   15.25545      0.808   0.423      -18.26418     42.9065
logpop95 |   2.189385   1.136476      1.926   0.059      -.0891134    4.467883
   _cons |  -31.34823   38.16498     -0.821   0.415      -107.8644    45.16795
------------------------------------------------------------------------------
Instrumented:  polacct
Instruments:   lnopen lninc urban depend logpop95 lat pres ethfr
------------------------------------------------------------------------------
/* Excl. Turkey and Singapore */
/* Table 2 */
> reg tax95 polacct lnopen lninc depend urban logpop95, robust;
Regression with robust standard errors                 Number of obs =      60Page 13 of 14
                                                       F(  6,    53) =   27.70
                                                       Prob > F      =  0.0000
                                                       R-squared     =  0.7092
                                                       Root MSE      =  6.5498
------------------------------------------------------------------------------
         |               Robust
   tax95 |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |   11.16745   1.697102      6.580   0.000       7.763499    14.57141
  lnopen |   5.290246    1.96242      2.696   0.009       1.354131    9.226361
   lninc |   1.481152   1.788308      0.828   0.411      -2.105739    5.068043
  depend |   2.041409   11.72328      0.174   0.862      -21.47252    25.55534
   urban |   .1177939   .0490247      2.403   0.020       .0194629     .216125
logpop95 |   1.538875   .5942704      2.590   0.012       .3469199    2.730831
   _cons |  -52.33486   25.15463     -2.081   0.042      -102.7887   -1.881065
------------------------------------------------------------------------------
. ivreg tax95 (polacct = lat pres ethfr) lnopen lninc urban depend logpop95 , r
> obust;
IV (2SLS) regression with robust standard errors       Number of obs =      60
                                                       F(  6,    53) =   14.24
                                                       Prob > F      =  0.0000
                                                       R-squared     =  0.5371
                                                       Root MSE      =  8.2641
------------------------------------------------------------------------------
         |               Robust
   tax95 |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |   23.33481   5.487035      4.253   0.000       12.32921     34.3404
  lnopen |   5.360125   2.582655      2.075   0.043       .1799742    10.54028
   lninc |  -3.621169    3.45429     -1.048   0.299       -10.5496    3.307259
   urban |   .1464326   .0646021      2.267   0.028       .0168572    .2760081
  depend |   17.39671   17.06421      1.019   0.313      -16.82975    51.62317
logpop95 |   2.465523   1.008818      2.444   0.018       .4420906    4.488956
   _cons |  -43.11272   37.87485     -1.138   0.260        -119.08     32.8546
------------------------------------------------------------------------------
Instrumented:  polacct
Instruments:   lnopen lninc urban depend logpop95 lat pres ethfr
------------------------------------------------------------------------------
. reg ctax95 polacct lnopen lninc depend urban logpop95, robust;
Regression with robust standard errors                 Number of obs =      60
                                                       F(  6,    53) =   19.84
                                                       Prob > F      =  0.0000
                                                       R-squared     =  0.6427
                                                       Root MSE      =  6.0754
------------------------------------------------------------------------------
         |               Robust
  ctax95 |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |    7.51276   1.445499      5.197   0.000       4.613456    10.41206
  lnopen |   7.047349   1.701249      4.142   0.000       3.635076    10.45962
   lninc |   .9021445   1.853419      0.487   0.628      -2.815344    4.619633
  depend |  -2.368255   9.854522     -0.240   0.811      -22.13392    17.39741
   urban |   .0980645   .0462415      2.121   0.039       .0053158    .1908132
logpop95 |   1.006531   .6032174      1.669   0.101      -.2033697    2.216432
   _cons |  -42.23567   26.34851     -1.603   0.115      -95.08409    10.61275
------------------------------------------------------------------------------
. ivreg ctax95 (polacct = lat pres ethfr) lnopen lninc urban depend logpop95 , 
> robust;
IV (2SLS) regression with robust standard errors       Number of obs =      60
                                                       F(  6,    53) =   12.08
                                                       Prob > F      =  0.0000
                                                       R-squared     =  0.4528
                                                       Root MSE      =  7.5188
------------------------------------------------------------------------------
         |               Robust
  ctax95 |      Coef.   Std. Err.       t     P>|t|       [95% Conf. Interval]
---------+--------------------------------------------------------------------
 polacct |   18.20773   5.047891      3.607   0.001       8.082947    28.33252
  lnopen |   7.108772   2.062231      3.447   0.001        2.97246    11.24508
   lninc |  -3.582743   3.522246     -1.017   0.314      -10.64747    3.481987
   urban |   .1232376   .0602401      2.046   0.046       .0024113    .2440639Page 14 of 14
  depend |   11.12889   14.35108      0.775   0.442      -17.65573    39.91352
logpop95 |   1.821045   .9245853      1.970   0.054      -.0334383    3.675528
   _cons |  -34.12951   35.03169     -0.974   0.334      -104.3942    36.13516
------------------------------------------------------------------------------
Instrumented:  polacct
Instruments:   lnopen lninc urban depend logpop95 lat pres ethfr
------------------------------------------------------------------------------
. end